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ABSTRACT: 

A computer system in a fault-tolerant configuration employs three identical CPUs executing the 
same instruction stream, with two identical, self-checking memory modules storing duplicates of 
the same data Memory references by the three CPUs are made by three separate busses 
connected to three separate ports of each of the two memory modules. The three CPUs are 
loosely synchronized, as by detecting events such as memory references and staOing any CPU 
ahead of others until all execute the function simultaneously; interrupts can be synchronized by 
ensunng that an three CPUs implement the interrupt at the same point in their instruction stream 
Memory references via the separate CPU-to-memory busses are voted at the three separate 
ports of each of the memory modules. I/O functions are implemented using two identical I/O 
busses, each of which is separately coupled to only one of the memory modules. A number of 
I/O processors are coupled to both I/O busses. Each CPU has its own fast cache and also local 
memory not accessible by the other CPUs. A hierarchical virtual memory management 
arrangement for mis system employs demand paging to keep the most-used data in the local 
memory, page-swapping with the global memory. Page swapping with disk memory is through 
the global memory; the global memory is used as a disk buffer and also to hold pages fikely to be 
needed for loading to local memory. The operating system kernel is kept in local memory A 
pnvate-wrrte area is included in the shared memory space in the memory modules to allow 
functions such as software voting of state information unique to CPUs All CPUs write state 
information to their.private-write area, then all CPUs read an the private-write areas for functions 
such as detecting differences in interrupt cause or the like. 
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£T©63B C P U fc,k r> T7*-feX * 'J $|§J& 

(DC P UlCfcoTO^Sta^WiBtt^-f 

^r© c p uo&jfxofflrfay^'f ^- h u SEJcfe 
ttsffrEttififima^T© c p u let ■=> TK^rn bwffi 

Htlfc:«fcoTSJffi*CPUlC«fct)T|}ffitt38«r 
[§|jR*2] SftWffllB^'f^-h^tUaraatfiFfiE 

p u©# i oofcj&icffltJ en* c t sua t-rsgw* 
BifcEao^xT-A. 

[tf#B3] l9S«S©CPUt:«fc*l«E*ji>ltU^ 

©**u7*-fextt, HffansKric. taEaa/^y 
tt ioTJK- h sns c t «#ai-rs«*s ike* 

©S'XtA. 

[§»#B4] irffiigsocpuictsus^^-f^-h 
sitttUT*- hsn*ji ts#at-r*si#JB3 ice 

StWS'XT-A. 

[SlJRfflSl ME&CPUCfcJ&WtJE^-f^-M 
t'Jtt, ttE8R©CPUfc<J:oT3&fT*ns<tr*iH 

s-r5pj-©»«7 p^x mawfe* %u 

y©&«>©»t-©7 FPxicaijsnsiitsttat-r 

<5S8*@ 1 KEftWv'XxA. 
MMBH6] ^fiCPUfc^sn^t^-^X^A 

•r^Twtts^ac p uic .to TT^-bxsns^^ y 
SHsw-rs^fr^ty 

bi&e^sc p u© 1 -3ic<fcoT©*©i*a*imrrfc 

IfrE^fiC PU©& 1 o©fc»©8JSy5'f <— h5-f 

M«u&m& -r^Tci^s^acpuctoT^* 
a u Bitg-e»s c i sua t r a n > ta-^ -^f 

A. 

[»#« 7 1 83E#ac p utti^-©f$M*x h y -a* 
*ff t>©"C*Sg|#3I 6 lcE»©fXxA. 

mmibs) taEjfcfr^yii, itrs^acpuicio 
TKrE*t^ * u ic^UTff tons** ui?*&*- h 



sfc«t-r$ifcK«6 ke^s/x^a. 

XxA^SMP3#5fc«>©*ftT*oT. 
T<T©t9E£fi:/D*ytfKJ;t>T7*-feX3n$j* 

^S^a-fey^Ofc*©^^ h ;**».) 
E^S^n-fe 1 -z>ic j;o TfilSSfcHrrsXT- 

[iWfcSi 1] jJE^ffi^n-feyy-o^Afc^ViTH— 

©^x h y -A^ff-rsx^y ^s^tra*^ 1 0 
»:£«©*&, 

ami 2] WET^-^stftftwsx^yytt, i»E 

*yfi#€#-hf SJlifc^tUfcfcBl 0KE«©# 
SXxyyti, KtE#a^n-feyU-©^><rfcJ:oT^T 

y srafcis8-rs6#s&*3!#K*f 1 e©^n-fc 

y tf©*fco ViT©SS)6»B*S*ffr« C t S^S 
fcT5St*JB 1 0 fcE«©m 
[H#^14] iftE*fiyn-tyy-<og.i-pfcj:oT«| 

E^9-f h**y sm*&©iaEfiia©KHt©ir 

30 «SSff5Xxy^S^t»JltS#mfrsa*!Hl OK 
E«©^ifc. 

T©iJE*s ^o-fe y •y-o&feoirE^'f *~ b 
y $ra»c*ttsitEf&®sii*m-rx^y ^*^tj r t 

-©ft^X h y -A^ff-T-SX^v 
-^*»<frrsxery^i, l3E#m^n-fey-9-|c«fct> 

T^ton<5WE****y ^©^^ys^s*- ft* 

40 £ te^tic t £fciSiTSg|*B 1 5 fcE«©*&. 

isemamatism 

[000 1] 

[S*±©fiJffl»fF] 3>ta.-^>'XxA 

icHU «fcD»Ktt> *Scpus^rr<b7*-;wh 

hW7>h(faull tolerant)rj>bfa— ^Icfcvrcffll^ 

sns^^y^s^x^Aicirr*. 
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ft*. TMR Ol' tVa?- Jtfitt) *X 

xAtt. ^©XHJ-A GSft) SHff-T*3 

S^D-fey-y-^T^j fcBT**BftflF&4. 2 2 
8. 4 9 6^fcj*3ft-0»$. 

[0 0 0 3] «*&#fe&t. 5EStt->^5rAC*V»Tfi 
yXU •afc-Xhfc.fcD 1987*1 1^9 
8. 5 0 3^IC*V»T. rfiHj ( "loose" ) a? 

a-* -f>3-4!Hf? Ffc&&aftfc#BfH l r1g 

4. 4 5 3, 2 1 5#fc43V>TjR3nTV>SJ;3;fcl|MBS 
©* n v f> Vi&n y i; - xr? :/BHI£{MI bfcffi 

[0 0 0 4] n^8B#— tV ^(synchronization vot 
lng)j ifffcfftS&ife&lxtX (Davies) ROt^X-f* 
U (lakerly) « rftgftS'XxAfcfcW-SBJatVy 
^>^J (IEEE h?>Wis 3 >X • • a>t: 50 
3.—^ : IEEE Transactions on conpoter) , 1 9 
7 8#6^5 3 1-5 3 9^-y) fcH^dtlT^ 

5. %^©7*-JWhhk?>h~>*5\kfcfct**Sa 
D£*HJ8©#i£ji*> 3>5V OTondea) (i*^ Tfi< 
Kfll bfcTM R S'X^rAWfcfeWffl D 3i*«t 0 a^©J| 
ffJ (7 *- * hh 1/9> MtfiCfco^TOSI 1 5 @# 
$Zi/>tfWlK<D-7nis-7j y>f (1 9 8 5^6i3) 

2 4 6-25 1 ^-i?) tiB^snTv»s. r?*-* 
r-r-W5>h»J7;P3"fAi'Dyjrj tS-rs^Bttfr - 
3S4, 6 4 4. 6 9 8^4. TMR3>ta-^->Xf 40 
Afc*5tf-3ffiffl©;fc«>© 3 75Lfii4i/ Dy^fi 

-&mmi t®?z*®mm4, 733. 353^ 
ftssj* ©^ a v $ T»frr«> c p u &m mmm& 

[0 0 0 5] 

[&«Ha*»ifeL«k5£f SSiH] 2 5 MH z Ti&fFr* 
^Ov-JUSO 386-<HE-hD-56 8 03 0©«t5& 
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ft-r^rt-ri&i. r©32?g©36»cia©BWtt, 7*7 

Stlfc Chfi[^5©Sa. TUt>*> r«(*-^:kern 
el) j ) t-HSf ^fc*^I/-r^ >mfA$^ 
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C©5£W©S6fc»]©B»tt» «C»->Xt- 
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[eDS*#i*-r Sfc»©#&] J:©|6l«fcff53>i;a. 
©CPUt. ^T©fiJIHCPUfc:«kt>T7i'-feX3n<5 

ttsnx^o^ **K*tjfrrsifi©cpuK:<k^T© 

T©CPU©fcJ6©Uiay5'f^-h^qEUSISK;*tt 

5itrStta§filffi*^T©cput:«tt>T^*aiLpil8T 
*iK U-Ca&^*^5*<&Sfi^5 £ t£#tStT5 fe© 
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[0008] sj©fij&fc,fcntf. r«5%MK:««3>t: 

^fAT*^T. 'T'<T©iifffi£fiCPUfcJ:r>T7i' 

*xsh***y£ig£qrr*##**y£fi3_. tag 

SB^fiC PU© 1 -Pfc<fcr>T©*g££3.PJSB-C* D, 

h**ysras. -r^T©tjfE^scpuc«fcoTi!* j 
mi^srcfcs;rt£ft«t-r*t>©T;&*. 

[0 0 0 9] Hfc9l©ajStlc«fcn«. £©56fHfc«*:j 

T7*-fexsn*;<* yaimswr**^;** u fctas 

lcfirE^27 r n-fe5'-t)-©&l'Pfc«tt>T©«S»»W-<5 ^ 
[0 0 10] 

>tr >>xtau. B-©f&<£x h y-Asgfrr 

*Sft©CPUt, £T©CPUfc<fct3T7i'-fe;*3n 

*©77-f^-M*u£igitt> -enc^jKfsie© a 
cpufc«fcoT©*.8^a*BrfiB-c*«»t. §i*ajwj 

±T©CPUfc«J:oT?ri8T**. Cttfc<fct>Ta*© 
CPUfcioT, IS©CPUteB©ttffi*^i;T*<5 

[0 0 11] c:©35W©-|llg«lc«tna. n>fcTo.- 
^^rAli. JUSJWfctt^i:^ h y-A££frT* 3 
«©H-©CPU (<P5fe8t&gg) SffifflU 

^©s»s«nfrr5 2«©^-©aa^R^^u 

»J-5«t5*3fi©CPUi:3fi©^^UJ;0tttJl,5, 40 
3fi©CPUt2fl©*;E»J©||fib&iffiJB$tlS. 3fl 
©CPUtC«fc*^tU#figtt. 2fl©**y©&©3fi 
©S>J©#- h fcfcftsnfc 3 fi©/tx k: J: Off ton*. 

7*-* h h hftfp©siff ft^s^c p ua#fc 
arr*j:££aw-5fcje>, 7*-;phn^9>h 

f *S&fe©Bffl. &»3RZ£J"fS>y©KlS£g6 

•T5j:t$s^*fej&3fi©cpuft-t-n^ti, -ena 

#©fc»fcaftibft:^Dy^S»I-<rfc«^*i, *^y 
#BB©,fc5ft-f"C'h (event £#ffl-r*£,i: 
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tt©CPU«fc»)ii^V>5tt#©CPU£Xl — (si 
all:#ih) T*CfcKJ:D. S<K)B*nT^*. S3 

y&*t>*&. ^cpuicRjasn, tcpum^ 
h y - a<dm wmm o &*s£f? -r * z t sash -r 

*. 9\4<DCPV-**i) •/XXS^LT©3fi©#^ 
J8©;**y#JItt, /*iJS*0&«IC6jt'Ey'E3>a. 
-)MD 3 fi©9J* ©#- KTiH- h Sn**t, U — 

^cpuicpsn&tf?fc*-hsn*^. 

[0 0 12] 2fl©^qBUtt. r£CPU*fctt£ 

i/o cr&to^AA/ai*) /tx^ssitstofc-r^ 

fcn*. ua»u fc^ie©^^y-ts?a-;i,tt. u— 
H®*fc»j&bT^c pusfcn i /o/tafcR*. y 
-Hx-^sf^*ifl©^^y^>?a-^ r^'fv 
•Jj ( r±j ) tu«tu £jgra/ty*7 9 r7"?««. 

«oT, AoT<*5 i -^tt. fc«l"3©y— xa>6-C 
*0. JK-hStlfcVV. 2fi©^q&yqEj?3.-^s©^ 

^ys^tt. *-h«fT+tt§iffsn*^ ffiot, y 
nr^cpuic»bf!ifflT^<5. jms©^q&yte?aL 

-;W©fc»ICffi^Stl*DRAM*J#fcy— FSftff&fr 
ViiJ 7Py^3L-r*&»IC5'f MJ--f ^;P©*«»*ffi 

5. -tCT. 9< htK*^©g&©6?#©&ftfcXh 

flEt>T» b^i/Mt.. ®SI©CPU*tJ|*S-r* 

tasicii»sn**t. gft©n**t§g 3 n, a^r 
*st#-^£n*3;T£7i,fcv>. #-h*na^y 

-Hx-3'©KDta&o&7i'-feX©!|flStt, Bttfg 
"TfiBlcr*. 

[0 0 13] i/ot»fiBtt. 2r»©^-©i/o;tx 

n*> €fflv»T*ffsn*. ^©i/o^D-tviJ-dt 

2^>©I/0/tX«CS«Sn, I/OSBtt. s»©» 
©i/0^n-b5/tMcttgg$n<5*t. fc*:l«©l/o 

o.-;wt^ , 5'fTytbTasn*©T. e©*^— 
;k©fc*©fcfc* i go i /o/u*t, ^ i /o^oty 

■*&«Wr*. -i-l/Tv ^^ytya-^tl/Oi© 
S©h5yi'7^yi?tt. (vote) StlftVi. ± 

c p u«£ i /o^a-fey-y-s^^y 
*y7^-fex^-h3n*j:5fc#-h*n5. ) v 

^I/O^DfyfB. ^CPUfclSJD)i*.*2lS 
Ct*»T^*fc*^TJ&D, d©HD&*tt» ^CPUIC 

^an^wic^^yqE^-^icftj&^n*. ji^i^ 
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£CPU»C£oTffi?mfc5-r, 7*-)VbbU7>h 

teWttiLZtiz. t>HH©i/o:/o-feyiWKo 

£fc5tf. *©#©&*© I /0:/DtyiW» 
-5V >^XrAfc<fcDlil$3n$ I /0<— S?t— 
7;n>?© i /oggicajLTja^snsr Fi/xtwc 

g**fc*»fC» coi/O^n-feyU-o&aexoi/O^ 
BOK»SfU>oTff5CtJ8«T€r<&. £©J;3fc, I 

As-"* v h&vytinz, -?-tTS6fc. cns©i/ 

0/1XKfc»*5#-7^>^IC#5A-K'>X7Rffl£ 10 
£fJ"Wl^ fcb Kaffir**. 

[0 0 14] siwanfc^»«fc^T«ffl3n<5^t 

«J->XxAtt. ttftowwcpg/pwr?**. ftCPU 
ft. ■ena#©*i'yv'aL (cache) 

©&t3ift©*xi'©'<->>s£3B©cpu©fc©© 

x^>^*fc«BW©«l:5a:7*-^hhP9>Ht© 20 

^•fex^-fA©ft^f*t«xsn«. vifiL, tru-nn, 

^UejUEtt. TVXi'T'^XJcDfetVptJSH. 

^©fci&ic^x^sttffl-rs&j&ADtttru^, s& 

©xUTfcgt>«ffl*n5x-^ife«ofc»©P-*;p 

[0 0 15] £®&W©|3*3nfc&«H©lT?©*H& 
tt, i'XfAS->f; hy«»TSJ:i&UfcCPU* 
? * * u * $>a. -»©<t 5 fcScBg&B ssaftf 

#£D4>fcV>8flT5&£Ti**. X*-;Whh 

[0 0 16] C«->XxACOCPU Of^Sgg) 
fcL ffSKtt. UNIX (S«Sg) ©±5&*'<l' 
-t-W >^^XxA**ffiffl^i8J5:miR©iasttt8v^ * n 
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X^O^lz-r-^ >^>XxAt7yj'5r— >3>V 
7 F*X7£©E^*i>rtBfcUTilftS*V5. 

[0 0 17] ^^'J ; Ei?3.-;w«*s»fctt2ffifi:s 
n, xttsviCH-©x-^*»*H-**t. ?-*m- 

^T© C P U fci -3 TE*Hi 1/ PltB-C* * i 5 fc#Bs 
"C. ^CPUICtoTPJ^fcT^^^^rrSJltS?! 
tBfc-r*fc»©iS®tt*tVK-p*»©«l!8fc*ViT*^ 
fe^SA* 0?*©3U6W©CPUtt Ot%U% 

^3.-;n^Triitt<cput$?3.-jncfet»T) d-* 
jm^USWTSj&i, r©n-*;MqB>JSffi©CPU 
tCfcoTT^-feX-rSCtttTfrftK #329! 

h h / * U ©&£&#»;** U *U < tt#*T ;* 

'eyottKftK**. &cpufc±oT»i*©«ffi[ta 
&en-enfcs#&&j:i*tT?£. is©cp 

T&D. «fflJ4a»*fc&6-rt>©T»«. 
[0 0 18] -55i6S8»fc^^T. ZLa-fy-X^-h* 

^ u ^©str &&©c p u©*^x h u -a** 

*fc*K--CJB0. *^fliV5&tl*7HWX*^-T*<5 
«fca&^0^T7^-feX3n. -€-©15*. ©3-F 
X h U -A©^ft«fiB*J»^Sns. A- M 

* u ^©sira*a^*t^qE u *$?3.--jMc«ko Tttm 
sn*t*. cwx-^ttfttt-s^febn*:^©-??. 5* 

~?<Dtf-9-j>{f (voting tt-^tplhStlS 
3**> 7KkXt3"=r>Ftt&«ttT#-h (vote: ft 

so sns. 7 r 7'f?-h#€ra*©&*icflivi6n« 

^XhU-A©$(||©>btT. gfcUSttB 

*UTt>±V>. 8£oT. ^©x-^sjtisrrsfc*© 
I8*tt» Bfflfc£n-f/XXttT)&>r>«18£3}?— h (vot 

e) r^ctftufc, a^^ficputcfc^T^ffsn 

[0 0 19] 

immm rt, s#©Htss#wbT*«w©ius*i 
*awr^. Hi£#j«f.5&, *»^©»a*ffl^& 

•fey*tUT»frr€>3jB©N-©^D-fey-»)-l 1, l 

2&tfi3 (kt. -en-encpu-A, cpu-br 

l^CPU-CtV^. ) Ctl63fitt» JUSW 

fctt^C^XhU-ASSIffrS. 3«©^D-feyD- 

**Hu^xhu-A«^ffuair»it-©«iatt. ->x 

fAiBBaSfXb. ^8rfc£©»ffT&*. 36©^ 

Dt?tii, 2«©^qeuqe^a.-;n 4t i 5 ot^e 
u # i . u # 2 t^«n-5) ts$?sn, &**u 
tt, racrHuxSKCH-w^^s^ttfs. 
LvisggftfcSfrvris, §x*D-try-y-i i. i2Rr;i 
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©#7*-feXT5|f8T<&$. 
[0 0 2 0] ^Dt?tll. 12fttfl3tt, 

tu€^-;n 4t 1 5 t^Sfc, •ena#©swo 
Wl4<Diray{r%fflsi 7£tB*5. £©§yfiflfci3^ 

*©ftt>D. ±iB©*BftiHSIl 18,50 3#T? 
W&*>KSnfc<k5&3r8sfc<fcO. Tfcfeti, Cti&© 

c pu&mmitttit&H®**: v&%o&*>ii<i ^> h 
sttfflUT. Hassan*, ^©sioa^tt, a:/ 
o -t s/ 6 »© 2 e© ? n-t y -u-^a o a*®* £ x 

f"i 97. £|gfi-rSfc»© 1 &©AX SffifflT^ftttfc 

it>T, 3e©cpu©rarHfflft;sn.&. Sr/n-ty 
tcpu-A, cpu-BRtfcpu-ctt. -tne# 
t»© 2fit©3fi©aoa*s*fc»UTjss»T» 

0, ^xh»j-A©^i;^k:*ViTJ:n6©cpuic 

r-U ^3fi©CPU*^US* (» 
BfcttTSJPIBttfefc) Sfrofct^fc©*. ^'J 

an, *©»«. ftswKtt, EC** 

-f «*> h©K©^wtc*tt*wf ufc^w^'f *;w©ra 

fflfcatlT. &CPU©*r^XMJ-Afc:fettSP!-© 

jrr&frans. 

[0 0 2 1] CPU-A^D^ylH IB, /tX2 1£ 
J>bT. *%U#l«$;a.— JH4Wtg#2t^i 
-JH 5K8«3nS. CPU-Bya-feyiJ- 
12tt, /tX2 2£^LT, ,**y # HE$>a.-;H 4 
t^t'J # 2*^a.-^l 5fcS«SnS. -£t,T. C 
PU-C^D-fey-y-1 3tt, MX2 3£:frL.T. pHEU 
^-A-H. 15l;8K2ns. £tl6©yU2 

1. 2 2. 2 3IJ, 3 2Mv Yg&7YV7./ : T-*>t\ 
X, av>Knx. fttf7FWXtx-*©Xhn-7 

©&ft©»»5-r >&^tr. c*is©cputt» rne 

©AX2 1. 2 2fttf2 3©«8&«*.. ■€•©&*, 7 
-\£hU-^a> (arbitration) Sfctt/tXE^/X 
X&$*S (bos grant) tiftt>. 
[0 0 2 2] ^tUt^a-AHtlStt, -tn-f 

n©Affl*Ax 2 4x«2 5 fcjgy^fc&Kan. &/XX 
a, 2« (*fctt^na±) ©Ata*^n-fey9-fc«ts 
an*. c©->x^Att, fi*©^xA«j*©&je)t: 
i /o^ssjRsrrsfcdc^sfe^a© i /o 

2 6, 2 7 fct, nx 2 8 fc&Kans. /XX 2 8 tt, V 

ME AX (&&i8g0 ©«fc5&gtp©««T»oTt>± 
-eUT, &/XX2 8tt, £$©l/On>hn-7 



(6) 4$P1¥7-13 7 89 

JO 

3 0 i©>f >*-7x-X©&*© 1 g£U:©/XX-f > 
j'-7i-Xt>>a-* (BIM) 2 9fcj£8£tlT^ 
*. SAX'f>^-7x-Xt>'a.-;l'2 9tt. 2fi© 

/xx2 8K88an, ftoT. ie©i/oyai:y* 

2 6*fctt2 7©»B, *&ttlfi©MX5 1 -V>^2 

8©«j$tt. g^ans. 

[0 0 2 3] I/Op r D-feyU-2 6t2 7S, CPU1 
1. 1 2Stf 1 SfcioWJ^a-jH 4il 5 

JO 1r2 6, 2 7tt*^iJ*$> a -;V£;fr^ T £cPUIC8l 
7. CRTX*U->fc*-#-F«fl*&*-S:f- 

3oic±Dfp»sniAaw*«ia«HT»s. i/o 

3>hn-53 0tt, 7 i -^^Dy^© < fc5ftK2l©fc 
*K*«V : e5';a,-*l 4 1 1 5fc*tl,DMA*-f:/© 
#8IS-r*Ct*ft?fr5. #I/O^D-byU-2 6, 2 
7&£li. /XXg*. /XXftffljRS^D&j&fc&^ij 

/ucafcfc&Ran&fl*©?-* 

20 Jm6©^6^©fiSB7'f>tt. \^'J7)Vi tn 

an > 3 1 ©iw- Testis. 

[0 0 2 4] S/XxAXT-f*X/XX3 2HU Slfrf© 

x^-f^xfsas^siww&j&fc, ±e#cpui 

1. 12, 1 3. ft^tiJti;a-;H 4, 15. & I 
/O^Dtyt2 6. 2 7fc, fi>*lc8SKan5. C© 

LTtr>5CPU. ^^E'J^i— frR&l/07u±~, 

*to^r©flms««-rs. 

[0 0 2 5] 3e©CPUt2fi©^^U^a— 
30 »firr<5#^jSS/Xx'f^X/tX3 3tt. ^^EUS* 

)0«^cpufc«fcoTffnnfct#ic ; ee?a.-;n4, 1 

5*i£ C PUfc#SlSS©#^fir5fi^©5^> $ 

^^Xt3V>H3WEU<Slffanfc*^tfc^tr» 

n&5 f -3'©/x>j7 i -<s4toit-r*fc*ftTJi<> ^^u* 

i^a-JPS^-UT I /OMX 2 4 1 2 5^*fctt/tX 2 
4. 2 5*>6©x— ^©/X'Jt-^S^U 
« r-NBIEMHtStftatTS. Ctl6©ttSE*tCPU 1 1, 1 

2R?/i 3 ica&an*©!*. /tx3 30x^^x7 

[0 0 2 6] 2fi©^ytya-^14il5*^D 
MS2MICff5<k5IC»fPtT^5*t, ttS©^A6n 
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•C. mHt*>mni&W& (current) T&O, 

V >; U -#©***. /U2 1, 2 2 Rtf2 
3fclSRfcy-Fx-*£D-FU *LT. t/^V 

u c^t'J ^jL-juc^at-^i^x^yt* 2 4 1 2 

©*;e y * ^ 7" y t/©** y 
fcfli;i*f£©&fT««tt<&;fcat:. /xx3 4rt^/5-f ,! ?' 
y*&Ay*7y:/^^!i!ip^&«tefi3S■rs. £%&*>© 

* * 'J tfa-M 7- F7y :/fc*vvc:/?-f v y 
©SSJ&l&y. £©«&!». VXF-WCtiflfcDTfc 

[0027] ^cpufcfev»T*4sn&»*siya* 

# (Rtfx r— ^sn&nts) . ^cputtaoa* 

7XX3 5©fl*©?>f ^K^oT^^y^a-JHc 

auDii*i?*i&HiA-r5. -ecr. 3e©cpu*>s© 
©sj 0 f snfc t u *5?3.-/M4. 

*H*tlAX 3 5 SfrUT 3fi©C PUICJ)?- FStlfc 
ftffi-T*. 3AOCPUB. CPUffl/XXl 8?fcfrUT 

£©#- hsnfcwoa^sc pumd&mhtcfmi 

U ^Xhy-ACftaWjfi-C^D-byD-fcSIOji 

i:©fJDa*N»tt» £©cpu*>xf-;p 

[00281 (CP 0 2 ^JHOT. 1 
flO^Dtylrl 1, 1 2X141 3*tS6ltfffflfc^S 
i3flOCPUti?a-M, #Sbmtafi«"C 

Hu HDfcjfc-c&o, ftt>T. cpu-A©*jj«jijir 
swsns. ««n&a^*©»-5«Hrtt:«t?fc»ic, 

4 >^>'X7 i A^©ri'-fexsfcfc*^icSft-r**:je> 

JBStU £»©x/X-f X©*©ttS©lfi**g#TS 
*. RISC (8/jM$MHjy h) T-^x^^tt. ft 

^EFa— 76 8 0 3 05VX-fX*»-f 0 3 
8 6x/t-f* (2 0MHzt2 5MHztfffl-Ct«) 
fc£©,kO»#«fcC ISC (»8&#<?r-t:y F) V< 

[0029] ft£3 2 FR I SCT-f {rtf/uty 

0 0 0 iLT5r/WX£KjgU MIPS3>tfn-^ 

• ->X5\kX •-f>a-#Kr?' Fft£tt. MIPS 



< 7 > &E8¥7-13 78 9 

DJ'XfAXH, SPARC 

l/TV>*. * y 7*;VX7«U->j|^fe6D^^l,x • ± 
33>y^^tt, 0J*.tf, S8fl#^CY7C6 0 lil? 
«n-6T-f^ayn-fey^ (SPARCgipSU-iR-r- 
U 3 3MHzO?D»yi»SfflK 20MIPS© (1 

^s&o ioo^a^) sssu s±s 

tt, B«fcSPARC««p*lN*--h-rsCMOSRI 
SCT-f^D^D-fey-9- (85fiS^S-2 5) Sfijgb 

[0 0 3 0] B^Sn&&S8Wcfctt*CPU#-F-r 

ntyf4 0SfflW. CO??^4 0ti, £©*&&M 
I P S n>MaL—9 ' i'XrAX • -i >3-#K^:y 
FK:<fcOa^tl&R2 0 0 07 s /t'fXT*y. *fc, 

•f>fJ'Hf> F • r/HX • ri'yay f>a 

— #Hfy FJCfcoTSSSSn*. £©R 2000f 
/X^Xtt. R I SC7-=*5r^x>*fflV*fc3 2b!y F 
^D-fey*"P*rj, 16. 6 7MHz©£Dy 

^Tl 2MI PS©Kttffi*^r. 2 5MHz©^Dy 
^"C2 OH I PS^TR3 0 0 0©<J:3&;i©5VW 
X©J; 0B«©A-y 3 >£ftfc> 0 KfflV>Tfe&V>. 
[0 0 3 1] yDt9t4 0«$&, t&STFWX^S 
ft97 F ->it5t*fflh5>Xl/ 

— s/ a ^ 7^-r F/x?; 7 r y §a©& 
»fc«fflan-5n^D-fey9-siiA*. ^n-fey-y-4 0 

«. x-^/XX, 7FUX/XX, *«fcrXS(»/XX&fiit 

fca-*^/txfcsassn*. pj^ciir^ix-^©* 

¥->3L^^y4 4t4 5«», d©D-*^;XX»Cg«[S 
CnetO+tvaH:, -C-tl-etl6 4K/X-f Mf'f 

X*c*»), ^D-fey-y-4 0©ir>©£rn? i'^Ci 
T7?tXStl5. t)bjffllD©ttiB*t ; in5©^'f^© 

^©fcftfc^s^e^ »fitr£«-rfct>5s»*» 

^n^n-fey-y-4 6*t. j:©d— *JWXxtgi«sn 
dwRttfrfit^yn-feytJ-x/x-fxt*, MIPS3 
>tfa.-^ • %/7srl±X - <i >3-iRKf'; F*^6ffi 
fi#*»R2 0 l o tVxm&ZftX^Z. n-*^;xx 
4 1. 4 2, 4 3«» 5-f VKv7t 5 Oi'J-FVXy 
7r5 i^LTrtfi?Ax*igk:^$ns. r©7-T 

F/Xy7 7B. A^ffia^/X-fX (Sfl##R2 0 2 
0) T*D, F»f^©fcJ&fc7'f F/Xy7r5 0C 

5*-^ tr f wxs»«ju&s«^ F*^ff $nr 

t«k0tttrU5. yD-fey-y-4 0fc7> (Run) IK 

[0 0 3 2] F/Xy7r 5 OSjffii/XXtlD^.. ^ 
D-t«/lM 0*^-f FA-/7T 5 0S;X-fMXtT7'f 

f Bf^s^ff r<5 r t * BTtgic-r 5 &»©/xx«Jstj e 

r©/^Xtt, V7h^X7©S*?©TT. ^n-fe 
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74 bfty7 TJVtnxB 2fM^-^)VHiX <,7<i F 
rty7T5 0iM*-7~)l>ZtVf) , ^n-feyUT&t^-f 

frsn-st^ ; r-i>ifi ! 7<i hn?»7T5 ots^ii* 

n*©T (5^ FMy^ratSWFCfc^fc&tt) . ~fu 

«fcfc«, FAy7r5 0tt, /tX 4 3 
tH«tC. AX 4 l*&OJflft5*-5'&/tX4 2*&C!> 
7 FWX 7-f b^y7r50ti, £**'J 

^©^-^©ffljB^tR-riWfclfc*: 4 fi©?-© i 5 
f 5 -* -7F U*fey F fc«jrtt§r*. 
[0 0 3 31 7-i WXy7r«^D-fey9^ 1 y5 r 4 0© 
*Dy*l 7 &RMl/aM<L. £©fc*, ^O-fcyU- 
fre>ny?T ^©<E«ttPI»ttffiT«o:/n-fe ? t*©v 

<»im *;vj£fi-cm>n*. fa* 7 y 5 o «» 

fm, 7*-y : 4-7~' 7-i H/ty7r5 0fca*tl* 

7HPxc»UT«aEsn> -tire, <bu>t«u 1 6-r 

»t>S^a-/t;M ; E«JfcS#a*n*fcj&K:9-f F/t 
•ex F-^sn*. 

[0034] W^775 0t'J-M?7r5 1 
tt, f-^;U5 3, 7Fl'XAX5 4:fe«klKHBIAX 
5 5 *«*fcrtS/tx*»iSlcfc8Sti;5. n-*;M^E 
Ul6ttv £©rtffirtxic,fcoT7i'1rX3*u £©rt 

S/tXfcg&KSnfcAX-f >?-7x-X 5 6 fct S'X 
rA/U 2 1 (*fcttte© C P U©fc»©/tX 2 2 

»2 3) &7^-fex-r«&»icffi«sn*. newest 

XWPJ^Ox-^/tX 5 3 tT" F t'X/XX 5 4 (n-# 

;wtx©nx4 1 t4 2*^»6ti<&) e, s-xxA/t 

X 2 1 rt©#fifc7 F VX/^-^AX 5 7 fcgjjlS 

n, 3v>F7-f >t ni&hx. z.<m 

8;tXf«3©3V> F 5^ > 5 8 t««5-f > 5 9 fcgft 

[0035] /tX'f >j'-7x-XOZ S » F 5 6 tt, * 
fc> *«y*?a— JP14&1 S^H^S/XtM" 
*X7-f>3 3S§<If.5. Cn6©7-f>3 3fc^» 
T, 8J*OXf-fn5-f>3 3-l*&ll3 3-2 
tt, ^^3.-;H 4fttfl 5©-tn-€tl*»6«fiStU 

•€■©«*. n^^uc^a-^eojsff*. 

<fc5fc> afiocPUi^D-AWtgoffloKa 
(•J-Fifcfctt5-f F) ©%*©«^CIHfiT^.5. 
[0 0 3 6] -^JSWcfcHTtt. a-#;io^E"J 1 6 

tt. 08M/W f-ORAM4^&0, ^n-fey-y-40© 



#BI¥7-1 3 7 89 

» 3 e*fctt4 fi©V-»iM £;HTC7?-feXT£, 
H©7i'-fcXtt. £<DCPU<Di?ay{r 17 tftMLT 
cniCRU ti?a-JH4tl5M5^'J7 
^•feX^"fAtt. n-A^tU^CHE-nfclt^T*^ 
fcg<. ^t'J€?a-M4. 1 5-\OC(07J'tX 
tt. #HJ8T*D» T^T©CPUj8*3?;fci3H— tV> 

sfr5 £ t n t fc«t ossns^ffl©^- 
-/t-'Ny FScstf*. *t&©fc*, 1/oXn-ty 
1J-26. 2 7. Rtf2 9 Sfl-UTCASttfcTMR©?*-* 
10 X***y^©7*-feXtt. 3>J#T8l£*n, f&fc> 
5. ^a-;H4tl5^©7mj:0tiMDa 
K CPU^y:/4 0fc«fc***y7*-feX 

©KHI8jS*«*«. gjgfti. ^f>a4 4tr-? 

*V^4 6T»»>, 64Kn'f FW+^i'aL-^'fXt 
Saft7-f;P7;k=fUX*A (fill algorithn) SffifflU 
fct#fc*^9 5X©tyF***-T. «a©*tt, D 

^UXASffi^-r^wtfciD. n-*^^EU©U- 
-fX*l»8MAW FTTifei^&IC. ^>a.SX*tfg5fe 

a; u n-^jM^uc^wsk^Fdta^fc'atu 

9 5X©ty F**t, t^v&fmznLT&zn 

y#M (i /o#jrc&o ©*-t 6 < 9 9 %&jj>m 
lu Ki;v5/>-y--f^s&tt3e$ittt4fi©'7^ 

[0 0 3 7] n-*;wtij i 6tt. ^^U^^Fn- 
76 0R:j;-DTrtfi8/xx*>&7^-fex$na. j:©^q£ 
U3>Fn- 7 6 0tt, 7FP-X/tX5 4j8>6©7FW 
XtWW/XX5 5*>6©7FWXXFn-^Sg©U 
«Atf> t»bn-*;^^EU 1 630^^©*5IC#fi7 
FWX$a}rCDRAM£ffifflTSfc&«. Rl^OfftW 
©TFWXt. RASiCAS©«»*»^-r-&. 5 s - 
*tt» ^-^AX5 3S^bTO-*^^iJ|cS#a 

Afc«fct>TffifflBlffia:©T, NVRAM1>^PROM 
©i^fe^^tt^^U 6 2 tH«»C. »H©D-*JV 
P^X^6 l;W9&/1Xlw,fc-3T7iM:X3tt-5. 
'J © J1©S»© < ^^*tSSaA©fc©K:©*tt« S 
tU ^<'3ftW*'<.l>-7--< >^ r ->X^rAIC t fcoT^ 

« sn, *^->n4 4rttret^aKw-cait). 

^ t U X©+-V>'aT?&V^rtfc*r 0^-5. 
[0 0 3 8] *&g9D£#l;JU H2©CPU^^i-;V 

©*joii*@sa6 5*»ea»fli;tx4 3*fctt5 5-ctr> 

©*©l2t:lC^oTya-fey ^4 0^^3*15. C:© 
^-fy©«IDa*tt» SK6 5T^-FStl<5©-C, S4 
Da**tyn-fey-9-4 0IC«fcoT||ffSn<5ff»C» ^3 

e© c p vn>m o n**>5**^$ ti* , 

d©BW©fc»»C. ES865IJ. ffi©2fi©CPU12 
tl 3*>6g«D&**fc£ (pending XA^ggb. 
50 ^©ffi©2H©CPUIC7'f >6 7*^|-UTSd0a** 
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fcwt&£<rrs. tn6©7-f>tt. 3<b©cpu 

1 1. 1 3£tt>IC£8T-5/TXl 8©-®T 

H©CPU*>6H>t'Jt^3.-;H 4. 1 5^1X3 

5 > 6 8 itj; oaoa»s*©^&«®r* c t 

-tl/T. >6 9 £7 0«M/T^*»J*5? 

©#- h * nfca oasMm&se-r 

SfcttT^X* F5M 7©J:5&*8v-xfc:T3e£a 
tlfe§HOji*tt» «&tf. 6CPU1 1. 12XK13 

**r, 0»6 5*»&^«/y4o©S!r)a*tr>fcB»jD 

[0 0 3 9] 7n±y*4 0«»J*©£ny*S8*gl 
7fc.fct>T*n?>*j&t«l&$h-5©T?, fffflttfcXn-fe 
5>tM 0 &^ffl«fflK:S-r*:*©V><t3*»<0^*nXA 
**&1ST**. * *3fc£81 7 3)11=6 B±HUS»ft 
-CSbV CUZCDt/U 7.<D3fmR&&m2 5 p pm (pa 
rts per nlllloo) T»t>fctLTt>. CftSO^Dt 

©^*;i^i*nTL*5«>jtBttatfc*. fe*>3A,. * 

A-cftjiMfcffifc-r*. l*>u gv> 

C0 0 4 0] dm ltt, 5>dm*;v 

(x r~*DM * ;wt&<) t*5v-»im iukSfr 

1 tt. £C PU©ra©a*©flF«pItB)fe HU 7 r-rt*fg£ 

r-5M»i «sa58KT©»«©fiF^sigi&#jauT) * 

?7 1IJ, ^y^aL-^l 4t 1 5^©^^U#ra 

9 7 i ©«t 3 fc, ? >-y--f * ji^ibo rx h—)iv 



1 #BI¥7-13789 
J5 

-f^;PT&v>v-»-y--f^;^tHScT5. ua>U ;r© 

*Kis©&»fcffi«sn, c:©BW©fc»fc, sioa* 

6 5 fcffl*fi^C C - 4 1 C C - 8 SSSS-T 
[0 0 4 1] 7CPte5>U-4 0tt, RISGA^tyhS 

<B*. ;:®t*ynj. ^ua^/tU'v©^^* 

-r-LfcV»#, -e©«Jb0, ^'Jjfrei^X^©^ 
^SfcttWX^S^U's©^ (fc£;Uin-F 

btf^sn*5^*^£^«p©ri-F£«#-r* 

-f >?-7x-7 5 6 fcl^&Sn&DM A^r- hTS' 
>7 4fc,fcr)asn6. T'd-feylMOtt, 3Y>Ht 
LT«SB3tf*fc«>fcDMAI3B7 4©U5>X:?fc 1 «7 
-F£§#&*. C©@K7 4©l^i?X^lcXav^© 
Z9-hTVUXt&i< -&S6$rm, D 

fa^Pt7*UXHMLT, /XX5 3-5 5XOt 
2 llCioT^SftTHl'X. PT>HR«XhD-^ 
£S6£T*. c©^Dy^fej|4iij(&-r*fc»fcXn-fe 
5/1> v 4 0fcj;oT^fTan$3V>Htt. DMA0B7 
4©Wi?X^*>6©iJ-HT26oTt»«fc^. UNIXt 
1V~7--< >{f$'Z.7-&\z%VtZ>** 'Jflttrv> H 

i/oh77^y^©raic:a)6»$ns'<-e?T?Jb.5. 1 

1-i>\*4K/U h"C»5. ;U2 1, 2 2 

Rtf2 3tt. CPUt^D-/t;V>l^EU©ra©l»7-H 

©u-Htejit^-f hG£**#-h-r*. #jH*n* 

©WTr©*?II8T»*. 

[0042] <:/D-fe „•!>■> H3*#MbT, §Qg«© 
R 2 0 0 0 XifcttR 3 0 0 0 X© Xo-fe y -y- 
4 0*tSSk:ff|Bfc^*l-5. JlWx/X-fXtt. 3 2fi 
©3 2t7 h©-«@W©W'>?X^7 6> 3 2Hyh© 
ALU 7 7. 0lf!yh)J»e6 4tfyh^©^73'7 8. 
*3«fcff 3 2X3 2©^M/»9ie!S7 9 Sfi^.S 3 2 tT 
?W-f>CPU7 56fiA4. £©CPUtt, * 

&. xn-feyuvtxajgs lfcftttan, r©^*,* 
•y-/tx«®8 1 tt. a-*;wx-^/tx4 i fc»as 

8 2 IcSfiSm*. 3 2H? h©D-#;P7FW-x;tX 
4 2tt, *>5 1 y^ ; EU'gSXD-fey1H*i©h7>x 
W-^a^y^T^-fH/ty^r (TLB) 8 3£^ 

turn* * u ^fassjektj Tffiusna. 

[0043] TLB8 3I1 [EB7Hl^xnX84S^r 
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£«7 H WX t ib&t<tlZ>«$ 6 4fi©I> h U fcfflx. 
<5. /XX4 2©Tfi©16Kyl-©S#8 5tt. £©£ 
S7 H WXMX 8 4©T&»»CJ;t)TBaftSn, ±& 
t> URS7 H kX**a>S«l7 H V7.iL LTffiffl 

*8 6$:frbT<DTLB8 3tfit><D9 !f3L>hV~Z& 

tf/tx<Hw@tt8 7C8«2n, wssnxaijgs i t« 

[0 0 4 4] 0<o-7-f^azfa±y*)-fa 
vi?7 5ti. RISC^-f^C*D. £«!>***1T 

l^X 6 l^^X^"s©^^D- H/X h 7<t>«fr* 
lt*!&7FWX«Ji?X*-A <H*«, PS? 
X*A 1 tl/5?X^A2©rt$©Hn?*.57Hl/X©^ 
A9>FS, l'S>X*B©rt$fc,fc97Fl'XSn*£ 

^^eu ©tiBfc^v^an-57 hpx©*^5> Ktcm 

A, P^X^ClC^^Sn-STHPXC&SIC^^ 
«Jfc-€-©«l©je*SXh7-&±. ) tt, drtfeyho- 

»tUT^*nftn. -t©ftfc>D. c©»{m. &©^ 

»©¥ttfcP^X**>5 U$?X*^©tfH«>n- H/X 

h7iiM*fc:T&3n5. rates. pyx^A2SWi? 

X^AlfclDfiE*«fc, PJ>X^B|^©7HWX©^^U 
&B*6Wi>X*Bl*0-F-&«t, P$>X*A1£W 
i?X:J'Bl€lin»*«k, PS?X^CKl«fc07HWxan 
fcptt'JfiCgfc^X^B 1 *X F7tt.k. 
tO 0 4 5] 3>/tOSSB, 3 2fi©P^X:J'7 6 

©fi[fflsfi*ic-r*&»t«flisn, -rat)*, 

©SS^J&^KlCU-^X^-fey h£ft«*19>P«Jlv>£ 
f Ci£«KT*. n-F#*tt. gBUc, 
-ff-K'.fcD C©&»l*r<£©&& (latenc 

«. *©KfcA*lH , */k0t. »S«©*^©/5:«)lcie 
[0 0 4 6J ;M>CPU7 5tt. Vv'^iH'^Sfc 
fc/X'f^9'f>ft$nTV>*. 04££fi8LT, lO© 

fc-fca* 5 *;n&^&JH»fc:fc>fctjT*fr an 

5. CELT. lTS^^U'-fjrMfc. 16. 6 7 MHz© 
*Dy*l 7IC»bTl^ny^Mffl-r&*?^6 0ns 
ect$5. JIWS+K^-rfctaS/Vf^X^-^ 
tt. IF (l^lrv'3.44^6©^7xyg L ) , RD 

(Wi>X*-fcy h7 6A>6©U-H^5>H) , AL 
U (ALU7 7T©Jf*Stl5^^ff) , MEM 

(*>Lgjft;*n&fc5D**->aL4 5£7f-feXtt 
*) . XtfWB (ALU©lSMUyX^7r'fJl,7 6 
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iS 

5©5fi©w ^f-i'tt. iaoTv»5or. 

❖ 1 # 5 14. -f©& 1 /t-f yx^-Sffct^ 1 F/Vf 

^f-yk*o. #<£i#U4. -e©£»©xx- 
-r&to^wBxx-^ca&D. -t-©tt©^tt, *©ra 

fcA*/Vf 7Xor-5>fc*$. 
10 04 7] O^'J^zl-*) H6*#J£LT, 1 

ns. ^*gt$>a-jnj, -en-en. cpuii, 1 

2, 13*>&**3fi©/XX2 1, 2 2, 2 3fc8«3 
n5 3fi©X*/tttA#-h9 1, 9 2, 9 3££t». 
itl&©#— h<\©AA» r W?X*9 4. 9 5. 9 6 
fc5y*3n S5?ftt, 5*-*, 7FPX, nv> 
F. Rtf?^ Mftfls©fcaD©XhD-:/, 7>h 
WX, 3Y>H, RtfU-F»f£©&»©XFn-:/?& 

xH7-r*&a{)©»i*©-fe^s/3>s«iA«. cne© 

3fi©P$>X*©|»i£l4. ^fiCl^X*©**?-'* 

a> T©-fe^-> 3 >ic»«sn^A*s«^&#-MaKi 

0 0fcJ;oT#-Fan<5. t>L£3fi©CPUl 1. 
12. 1 3JWHCJHEU5* (KU7HPX. 
>H) €ff5&6tf (£CPUttJft£«fct4Pii;iiN*X 
h'J-ASmfr*©T-e©«fc5a<&^*tibD5.5) . 

^*us*»^7-r*ctsfi:$$n-&. b*u «i 

^tUB**». 3fl©7yf9 4, 9 5. 9 6©V>fn 

fttfnv> Htt. r-^;tx 10 1. 7 KkX/tx 1 0 
0 2 *J:V37> h/xx i o 3 S^fcftanxfcBilnsn 
S. COrta/tXfrS. .JC«UK*B. 7HWXICtt# 
IxT. *LT->XxA*«fctt»LT«-*&»JV-X7 

^•fex-rs. 

[0 0 4 8] -^at«e*V»T. AtftDRAM 10 4 

^ ; EU3>hn-910 5&fflViT. rtOrcxfcJ: 

oT7^-feX3tl5. uO/tU3>hD-7l0 5 
tt. 7^-feX/tX10 2*»&rHWXtttW/tX10 3 
39»6>*UB#tXhD-ytSS«U =f-9Xiih 
T-fM-hlfiT-iMX 1 0 1 ICfflA$n5«t5»CDR 
0 AM©fcJ&©£®©fr£^©;7FVX$fE£-f-5. 
DRAM10 4tt*fc. yD-/tjWt'JWtftU - 
9mm\Z&\,>T\Z£ft3 2M/t< h©-y--fXTT»-5. 3 

sit. «®/tx i o i - 1 o 3 a. mm • xx-f ^xv 

5?X^ 10 6. £&©*J¥3SeRAM 1 0 7RlX5-f h 
r/D^M 0 8*7^-feXT*<5. CPUfc«fc«^^E 
U#Mtt. Sfc. ^tUti?n-;H4i)5:ttl 51*9© 
'J &/H/XXT*. rtfiS/tX 10 1-10 3 fcffiK 
Sn5A*&iB^itnX'f >^-7x-X»CJ;-dT I / 
0/U2 4, 2 5 IC7^-tXr#S. t>b^ ; EU ; Ev'3. 



-922- 



1 ' I < 



19 

^i^V^-JV^nXT-MYV-^l 1 Ott, /tX 
■i>9-7x-Z10 9&mt&. his***)*?* 
-JW»/ty 97v~7*:i>*-)\,-t!lt>Z1ie>\& /tX 3 4 
tt/tX-f >9— 7x-X 1 0 9 
[0 0 4 9] DRAM 1 0 4 ■*,©;<* U7£-feX«, fH 
l©g#**ie©5y^9 4. 95, XI496tC7y^ 

it«. £7&AF£3n&fr>. 3fi©g3fc©tp©£l©g 
#©8]jg«. DRAM 1 0 4'\©7?-feXfciM&;*tt 
'J-Kfc*fUT, DRAM 1 0 4**7 HUX©}^ 

AMAA-e&i;*. -e-lt, t>i/»3©5**«s©$n 

5V ^©BfisttD R AM7*-feXBrf££fifc.&. 
tO 0 5 0] H7*#Jirr-5£, AX2 1, 2, 2 3 

4. 15©#— K9 1, 9 2, 93fc^*»J5*S^ 

5. cn&©MX©&>«rtt. 3 2*©55WF(rJ^STHW 
X/x— * 5-f >, 13*01 ^T|rI3T> H 7-f >Xt* 
2*©xhn-7>&fc$. 3T>H5'f>tt, u- 

©Xhn-^«, AS (7FPXXJ-D-:/) tDS 
(T-i'XFD-^) T*S. CPU 11. 12, 13 
tt. **H?tt, £#B#©/tX2 1, 2 2Xtt2 3Sft| 

c©siis^fc*v»T, unsii. vm^^ 

lr». 5-fhfc*fl/T, CPUI47FUXXFD— 7AS 
(7?5V 7-Cn-W^) -CHK?*A'C/tXlc7 > 
FPXi3V>F£2iD, MKlMZfr 
tf-f*/k l/^L&?*b'b-€-5T&<T 1 b«i:V>) Ty*- 
*X FD-7£pp$fcnx©:r Fl'X/x-*^ >fc 
x-^&SHTT*. &CPU*>S©7Fl<'XXFn-:/ 
AStt, X hD-^*t«n&tS, #-F9 1. 9 2X 
149 3fc7HWXt3^>KS4i;*«T. l^X^9 

4. 9 5. 96©7FK* • 3V>H-fe^^3>IC9y 

[0 0 5 1] /U2 1, 2 2, 2 3©£ft (£©*l60i 
■e«3©«f>©2) a^D^US**???^ 4. 9 

5. 9 6K2i©?*t3, #-M3»10 0», ;ui 
0 3fc©&©3Y>F£Si§;£ii\ > ; £U7^-feX*^ 

snstfi-sic, #««§ACK©^*t 7 -f >i 1 2 

(ft»C**'J# l©7-f >1 1 2- ltptqE'J#2©5 
-f>l 1 2-2) IC<fcoT#CPUK2IOS3n. RB$ . 



i ^IS¥7-13 78 9 

a? 

ICXf'fi'XK? h*t, B7©B$HT3»C&CPUICit 
£Jfc§/Xx'f*X;lX3 3 (»fc^t'J#l©5'f> 
3 3-1 t^ty#2©5-f >3 3-2) S^UTSI© 
S*X*. fi«®XhD-^DS (t>l/'J-Ffe6«A 
S) £T3-C©ACK©|8©ajiT4tt. ;HE»JS#© 

ftfiftT. >^B»fc*lt5agtCP 

u^Dy* i 7 fetter* *y*e>a.-;pi 4xt4i 5 

©WS©8tSi^d'nyir 1 7©fit«fctt#L,T, gtoD 

9-f>l 1 2-lil 1 2-2©AC 
KSttS-f^Sa-l t3 3-2©X5H"*XKvF 
**, BflSJT 3©|8]lc, x-^jPTFUX/t^AXK 

tasniotHi^fcsiman*. cn«, cpukxf 

-WUU-XU C5UTH-©*^fc^UTCPU 
?9?4 0ePM3tt«. TfctoS, fi»©CPUtt, 
«fcDav>CPU*tJiHft«DS»t)TV^©T, 
<©Xh-/HK4UP (stall eyeIc)€S|ffU £3 1, 

#Bi$icyy-xsn<5. ^3«©cpu*txh-^ 

[0 0 5 2] *%y«-3fe»l 4X141 5*>6CPU 

li. 12. i sfcssesns-r^TWx-^tt. -e© 

T-^*«DRAM1 0 4*>?,xr4^*>J&Sl 0 6-1 
OS^SOU-Kx-^T**^, MX24, 2 5^6 
© I /O^-^TftS^IC^fce-f, l^X* 1 1 4S 
SETS. C©ki?X^ 1 1 4tt, fiaT^^tX 1 0 

3IC*-h9 1, 9 2, 9 3TAX2 1, 2 2, 2 3© 

fc»©7Hkx/x-^5'f >icB«nan*. auxw 

14, 5 ! -**tC©VS>Xi'fcD-F;*nfcSfc«&£;£ft 

d r am i o 4 fcS^rainfc-r^T©? 1 -^ t. 

I /0;tX©f'<T©7 s ~ : J'l4. ^nfcPHIL&AtiJT 1 
-flfyb*«fp. b*»L. /VJr^HyHt AX 2 

1. 2 2, 2 3TCPU*S?i-;HClE2ian«:V». U 
-KV'^X^ 1 1 4T«fllSnfc/^U^X5-f4, X 
^T*X/tX3 3-l, 3 3-2*^hUTCPUIC«to 

a-;H 4XB1 5©**t, -?-©W>>X^ 1 1 4F*3©5r 
-^S/XX2 1, 22, 23fcm*-r5. nvVTvl 

us>x* 1 1 4*D-H-r<&/ssTaKbTffton*'j 

3 - 1 1 3 3 - 2 ICXx'f ^XSSS-r*. 5* 
~^tt. /tX21, 2 2, 3icm*3nftv». 
[0 0 5 3] &*WE*>3L— )V1 4X141 5|»i©3> 
1 1 714, C© ; E>'a.-;V©&*©^ny^55 
SSI 7JC<fcOXx-hTS/->tUT»^L. AX1 
0 3t;tX2 l-2 3A>6«/fftnv>H9'f >*>6© 
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T-5> (mtfW$?X*i:AX£D-FT-&£»©$!f| 

ttl 5l*i©i:©3>hD-51 1 7tt, &a©MX10 
1-1 0 3 -\©7£-kX©&»fc: I /o« (^y^-y 
x-X) iCPUfl (#-F9 1-9 3) ©grC7-fcf 
M^-^l 1 OSrfrt/tT-KM'-M-*. ^'fv 
Wt'Jti'a-M 4Xttl 5©3>Fn-51 1 7 
iCiSCCfcJfctt. 5-f >3 4K«koTtt©;>HeU*S> 

D.-)iou> 1 1 7 iceagsn-c, tto^tu . 

[0 0 5 4] S^V^a— M*J©3>FD-51 1 
7tt$*:J:©^5>a.-;KOfc«>©^Py^5!Sgl 7*> 

&/wxsg©r*y7Wyj'a.;&7>*i 1 sics^ 

V»T. D R AM 1 0 4 U 7 W y S^alM ^;P*»A-T 
<5. DRAMtt8 5U##fc5 1 2ij7^->at)--f * 

**>*118tt» 1 55y^»IC3>hD-51 17 
Jkfcfr (CPU7*HrX*£ttI/07*i:Xrtt£frS 

xio3fcta*snfc3v>Hic«fcoTSHg3n«. t> 

L&STA-X HE- FT*fr 3*13. d©BW©&ft 

au&w^x^cttwsnso-c, *»»^i 1 8©* a 

[0 0 5 5] CPUfcioT5!4SnfcW0a*S* 

e. aioa*/tx3 5©5'r>6 8fcj:t>T{H'*fc*c 
pun, i2» i3*es®sn*. unseat 
*s*tt. w*u*?a-jn4, i5icsiasn 

*. /fX3 5©Ctl&©SS#5-f>6 8tt. »(Da*JJ? 
- FB8 1 1 9 fc&KSnT. £©@J» 119 tt£ft& 
AX3 5©ffl*9-f >6 9fc#-FS 

nfc»ioa*(i#*tH*-r<5. cputt-tn-en, nx 

3 5S^bT2*©5'f> (S^a-;H4, 1 5*> « 

61*) fc4^-F3n&§!ir))i*fl^££ft?-s. 
t'Jt^a-JH4. 1 5*>6©*-hSn&HDji* 

<mfc*tLTi&g»©s*g#frfen, -<E-©sdMs***ai 
Da*Bffl@i86 5ictn*sn-5. yyh^xromn 

©TIC, CPU«if©CPU*tSJr)a*S-r<5^S^ 
I/07n-fe5/-y-xttI/03>hD-5-C&£ 
S*l3tt&gJD)£2M43:&, AX3 5©5-f>6 9. 7 
O^UT^'J^jl-JU 4. 15S^UTCPU 
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*. 

[0056] <I/OT*D-feylJ-> H8K*^T. IB 
©I/07n-feyy-2 6Xtt2 7*t»l8It:^3n*. I 
/07ci-fey1H42fi©Bi;#-F (1/0^X24^ 
© 1 fi©jj?- Fl 2 1 £ I /0/tX 2 5 ^©«l©#- F 
12 2) 6l/0/tX2 4. 2 5tt. 3 2 tf 

y F3£fr|*l£fi7 F VX/^-^AX 1 2 3 ( 3 2 tf y 
h©^»C4ty bOAV7-<($-Sti) , U — H. 7-f 
K 7D?£»J-h\ ^Dy^^M* F&£©S&fr3n<& 

1 »fl*©^'f7*fc)aW Sj5D5rIflja-7>HAXl 2 4, ft 

I /07n-fey^©XttnX2 8©£©oy- 
>IC7 H l^Xjg3£1-**»S^f7 H WX5-T X /X 
■YFVX*. fttfgftfc. 7FWXXFn-7\ x-^ 
XFn-7\ TH^XffJ&^R^-^^J&gSS^ 
i DS!»7'f>*>6«!rt$n«. /tX3 l©^^^^ 

^*U*^a.-^©;tXB*» *=Ei)=Eyz.-JMt>e> 
I/07'D-feyiJ-^©;TX^5>h. I/07*D-feyy- 

^©^*>J ; t^a-;W7 , 9'f7yT*s^ 

SaVr5'f>rau S'X7\kX5M'*XMX3 2£:frl/r 
&I/07n-fe;/-!Nc8«S*is. B8©l/o7n-fe 
y+}-CD3> hn-^-T^t)^X^-hV->— > l 2 6 
tt> aT>H7-fX SHP^X Xx-f^X^-fX 

8*»6©3T>H5'f >*>6©7 f -^*S©U 

fc» /1X2 4 V 2 5©|*iS£3ftU9««rtXfc£3Sf 

*fc»fcfi^-r-57"y?-l 2 7, 12 8©»f^^trl 

[0 0 5 7] ^tUtya-JW*^ I/O^DtviJ-'v 

©;tx4» 2 5T©t6«H:. ai^fcttfcj&san&TF 

-tThW-^0»l 1 Oft. I/OAX2 4. 2 5©3f 
^rfil (ownership) ©fc»©7— If bU—i^a >Sff 
5. CPU*»6I/0^©|g3l!6t j i53lfttS. CPUS 

i ofctfl^sns. T-trM^-v-g^aaaiafei i o 

*tC©S*€*Bl/fct€, ^t'J^ya-M. 7H 
WXt3T>HS(H;XX24, 25©)/tX123» 
1 2 4 fc, 7 F l"XX F D-7dt (2 t>©;lX 2 4 1 2 
5©) H9©«WTlfciS$n&t#t^fc. AX 
12 5tWtD-r4. 3>FD-91 2 6*17FUX£7 
yf 1 12 7Xttl2 8fc75'9 1 S-&&<!:fr, 7FUX# 
«)6S*VtX 1 2 5fc±SStU ^t»Jti>a- 
;H2l$fET2lCx-:$'£ (WAX 2 4. 2 5S^rbT) 
nxi2 3ICffl*U 7-f>l 2 5tx-^XFn-7 

*taA-r*. RfiBjT 2 ©st« 3>Fn-?tt. 2e© 
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7^127. 1 2 8iZy : ~-^i9y^it, "r-fft 

^#£££©§©©851;:, H/t'Jt^a-jHi, 7H 
l^XX h a -7©*t©±3E £ fc«k 9 AX 2 

4. 2 5£»J'J-Xf-5. 

[0 0 5 81 I/O^Dtylh^S^t'J^a.— ^ 

&g*t&<&££. I/0:/D-fe 5 r!mWMX2 4, 2 5 
fc. 7^7MX3 1 fc^-f >K<fct>T/tX®;Ji?£±3S 
U 3fc»C, ^7'fsry^^U : Ei?a.-;H 4Xttl 5IC 

n7,^Mm^ ! y-iy%vvy)\ t 7^ >©i#tn& 

«. /tXg/B#g;&t±S3ftfctS, 3>hD-512 
6tt, i9©l5S^TSn«:2:tS (SoT) fiflcT 
«, AX1 2 5±T7Fl'XXhn-:/i7Fl'X1ttt 

)6Sg#©*B*j«i»sn-&ST«r8rrs. -e©ts, 

3>ha-5126B» 5yf 12 7, 1 28*»65< 
>12 3^7HWXSH1A$*» 3T>HS5'f>12 
4fcfflAS-tt» 7Fl"XXhD-7ftP|/T;t2 4. 2 5 
©/TX 1 2 5 fcfflrtS-e*. 7 H \s7,H1&5!&imn7. 
2 4, 2 5*>&S(SSnfct^. X-^THl'X/ar 

[0059] 5y?127tl28B, 7FWXMX1 
2 9 a. x-^/tX 12 9b, RtfSSfP/tX 129c* 

ittsnmnx 1 2 9 fcsaan-s. rtanx 1 2 9 a. 
/tx 3 2 t.toTfti&sn-sxfr'r ^x*fiat-r*ftc 

©fcftfc, 3>hn-5X5 t -h^->->12 6fc < ko 
*lSl*iSX7M*X • aBW-^X* 1 3 0S7HP-XJ& 

£-rsc tares*. cns©i^x*i 3 oa, cp 

U©7 H WX^Wfc*V»TC P U*>6 >J - H*fc»5'f 
h©&»fc7HPX«^pIffi-C»5. /tX-f>^-7x 
-X 1 3 1 tt. 3> 13 1 ©«ff©Tfc. VM 
EMX 2 8 ifi©T5. MX 2 8 tt, 7 H PX/tX 2 8 
a. 5 ; -^/tX2 8b, fcW/tX2 8 cXtf?^.^ 

8d««A., cns©£5-f >«» nx-f>^-7i- 

X^E5>a.-;k2 9$7>LTI/03>hn-53 0»C» 

R^ns. /tx-r>^— 7i-xtj;a-^2 9ti, — 

#Xtttftff ©XttPijfr© I /O 7n-fc y e ©. 1 -fe 
y hfc'tJOAX^'f >2 8*a>hD-^3 0KES&S 
*5fc«>©-7;V?:/V*iJ-l 3 2£f!;SlS. 3>hn- 
7 3 0©|»3g5T, 3T>H. M«f. Xf-f^X. ;r-* 

©i/'Wi3 3*«»D. {^<o9-cf<omm^yhu 

-vlc&VtT&mWJvirTj XtLT) CPU11. 
12, 1 3 £ i8S&-T5^ 'J — Hi: h©fc£fc7 
K WXj&JgBltgTS D. I /OS@{c*»t5»^£(H» 
■T5. VMEAX2 8±T©Sl/O3>hD-730 
H. B I M 2 9 O W7'l/i'D- 1 3 2 ^LTS I / i 
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o^n-t5;-ij-2 6, 2 7 t©8s»ffis«!^ n-rn*» 

lfi»C«kt>T<Ha*nS*t. CPUlCtoT^tlS 

^n^7i»fcJ:-3T-**fcii<|?c!f»clH6ns. #£© 
7HWX (Xia©7HPX) tt, fta>hD-73 0 
*ST«» • =f~9im.V s J7.9 1 3 3©&»ICH8£S 
ft. £ft6©7Kl/'Xtt. Jj-^W— 5V >y>XfAt 
«k0 I /01-Vt—7)\, n-*j^qE'J© 

t^e^wi/o^D-kyu-ti^fctt* 

ifl 2*^LT©*7HPX^*fliriBT?*-5±5fc:. &3 
> h D-v 3 0 £Hat*»t*. -ffc^. I /07"Dt 
vV27tltmr*t. **Sttofc7Hl^Xtt, 1/ 
OyD-feyU-2 6 **lTtttt01/3?;i^ 1 3 3 IcaiS 
S*Sfc«)»Cffiffl$n*. AX-f >*-7x-X 13 1 
(&«3>hD-51 2 6) B. W7*l/?tl3 2 
0 &AT-;£ $fcttfifc«F*> 5/tX 2 8 ±©x-* * 
Ctltt, CPU*6I/07'Dty!>-©l/y 
X* 1 3 0o.O?<f MC«t t> T^Stl-S. ^5LT, =r 
/x-f x K > F d-5 3 0 S7*-fcx-r* 

^-Vy—fMZ&Yt* c ©7 K l^XS-e©fc»»:ffi« 

[0 0 6 0] ^a-feyy-4 0tt, 5-fh/Xy7r5 0S 
?>LT±r)fctrL5. n-f/XXny7rAX5 2*fflH 
TClx6©3>hn— 5©*J» • 5r-^«SiW^X^ 1 
3 3^s© I hfc*-3T3>hn— 5 3 0§7* 
•feX-TS. SoT. Ctlfctt, rtltt, S!Sl0 0fc± 
oT#-hSn, ^ ; E'J : ES?aL-;V*aUT/tX2 4X 

tt2 5^ «^>TS*?anfc/tx2 8's©Hfflfl;an& 

^TT^STX h— ;i/-r-B. H8© I/O^Dt?* 
#-Htt. (WA«^BSanv> H, VME 

/XX2 8T««*J5©b^V>$^|g^-fffc- t> £ 

aan. ie©s»)*ttttii$n5t» i/o^o-fe^-y- 

tt. AXh7 7^y^^©«S$jh«). -T*:^. 09 
fcW&LT±iBStl&7 HWX^J&fe^tT 5 -^*^ 

x-X5 6fcit>T/tX7*-;Phtbttffl^tU g« 

[0 0 6 i] <x?-y*ny> ±s/tx2 1,22. 
2 3*^tT©ejai©fcj&©^qEyti?jL— ;n 4 1 1 

5ICj;4«gS||tffi-r-5fc*K, CPU11. 12,. 1 
C©v-^r>Xtt. AX-f >^-7x-XOL- v y 5 6 

1 0 0 6 2 ] ® 1 ©$£, ij - WC, 
<0 ©S0*^7'f7U©^^ij^e.cr)7'f>3 3ICX5 i 'f 
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»/tX 5 5 i4 3€^bT^©#S£Sf*Cifc 

«k»)»7r*. ta>u #j&fcs*t;K>i 1 2fc*v> 
snst-c (*&»^wiwnfca«$T) . iBteati* 

fcUvfnfrOXSH'jr;* 74-/1^ (5-f>3 3 
-l*fctt3 3-2) KfcHTX^-J&tKHiSn&fc 

SIDa*tt#Xh (post) Sn*. 
[0 0 6 3] 82©8£, U-KfcgfcSWC, x-* 
X5-#!/5'fT>J*;eU*»SX5 i 'f*X9'f >3 3IC 

*»s©sna^ofcJii*^sn*. cpuu, 
«, nx* >*-7x-x5 6©@»#jjwr« 

SJDa**t$!lffll/tX 5 5 1 4 3 S^LTT'n-fcylM 0 

[0 0 6 4] M^7y5 OflV'H'/XXSn&^r 
>feSHc^V>T. $&1©8&-Ctt, £&6©jt:eu&£ 
t>Xx^*Xbfy hfcX?-j&«jK3ttfcV>. X I — Jktt 

i^sn^©^*^;**!*. wrjc, tut?-* 
£*s&*©xx^*x7Y-*FKtta;*nfcft$«si 
oa^a^xhan*. 

[0 0 6 5] F/ty7r5 Oj&Vt-fAtXSnfc^-f 
XBSfcfcVJT, 82©«£Ttt» r-^l7-*^7 
W"TU^*U*>6Xx'f3'XIC}g^Stl**\ g-fctt. 
Jfcgj&t, ^5-f7U^^E>J*6Sttflt6nft^. &CP 
U©-f 7i- X3>hD-9tt, tt©**U*5> 
:x-;i^ &©#££§£#:?. -tUT, fctf-?l7 
-#«©;** U * 6 ©Xx-f *X fcJlV >£S:h&lr>fc 6 

«. Br*r8©£fc#3i*!£n. S9oa**tjj?xhsn 

GKl/V>7*5-fvy©) **U^jL-*©&j&fc:fi;: 
*fc6tf, ^lcSJDa**jyn-fey-»-4 0K:»LT*B 

[0 0 6 6] F;ty7r 5 o*t-f*-^sn&7 
-f >C2IIC*V>T, CPUxy7«5-f MMPKAoT 

xh-»snr, &!©<&&«, £*&©*%»* 
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[0067] 7-f h/ty7y 5 0£-f*— 7)VtL1t7 
U*>6©Xr'(^Xfc*Sn.5^ Xtt. £g#£,*;fc 

u^eseanftvi. ^*-xa«. tt©**u#&© 

H)£j&££l#t>. -tUT, fcl/tt©^ ; EU*>6©Xx'f 

«©8fc**§&fTsn, 8joa*tt3i?xFsn*. 

10 U t. lT-^l7-XH»IW!)n*»fiCD/t U CfeVJ 
[0 0 6 8] ^tUtya-JkUXttlStt, V>£» 

tnu. ^xxAd»jg»sn»fp 

^^U^^jL-^SB^f Sfci&fc'feftaro. *X* 
tt, ^-^^^©^^U^yoL-^tHUTJ&ittffi 
K-e©^qE'J^S?a.-;H£S-rcfC*«. r©f?*qE 

-Htt, 2Xx5>7©7 , n-fexT<6*. sri\ ^'J«t 
-f-->^7-fXsnT*sr, /xux-rx?— **tn&» 
"ban^ntt&^rs. -£-c-cjyjtt/xy5v©ja 

30 u -r^r©^ M4f^*t2«©/qEUmff*nS© 
j'€H«'Jtj>a-JH4il 5©Hi;Der-J/ 3 > 

It9-f Kr*;rfcT»$. tntt, fi#©»f^*tiiff+ 
fc. ^fffw^xi'CWxsnTffton*. i/o/xx 

©s*jp-x>fc*v»T««an-5. 

[0 0 6 9] C5tT-r^T©D$r— i/ B y\zy-i hi 
n&«», *©Xfy7U. I/07^-feXt>*fc7-f 
4> h*n*CiSI»HTJBlXxy^tHCT*5. "Tft 
fc>5. I/0;tX2 4XI±2 5^e©I/05-f htt» 
*ffT4^X^fc*^Ta^©h57^ y^fc*^T38 

U - K U C©H Cx-^SH^^ U a-;v©B C d 

©82 Xf V/T^a.-JVifl^ D*i6S^c7 HPX* 

T7Huxm«$n&t€fc, n^^uttH-icas. 

C©82©B£X7-y7©faiC> CPUtI/07D-b 
y9-©PI**t, x5-ablc^T©»^*ff5±5lc^ 
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[0 0 7 0] P3«fcW:7n1tX#CPUt;>a-;M3tt 

i ooicj:5«^^©«k3fc) awatttiHsn-sts, 

te©2B©CPUtt»ffr&Rtt*)^ «V>CPU#-H 
tt, ->X^A£#jl:i*-?K:£&T£*. SrLUCPUztf 
-H*^>#-HROM6 S^eEliaE^X 

aiAUT. H^k-^^j^ffans. *t\ 2e©& 

*tc43flocpu*i ry^MJ-feyKi ££fr-r*. 

CPUttROMrt©-f^>'V7'fX;k-9 1 >*> 

[0 0 7 1] Ji»Ujti5IC. a^Ut^a— JH*© 
h@»l 0 Ott, ±3«©CPUj4«H— ©>t^U# 

fcWtlfi. CPU3MiKE-Kfc:A£. tf-hBBlOO 
tSCPUtt, /tX3 3-lRtf/;3ttt3 3-2TR3 

5. C©*7^>X^'f^Xtt, X 7^X^X3 2 

icsasns. ai©*«ttm3nT^-5>itu#flatt. 3 
t. #-Ma»ioo«» ^ty0M©iiff*fFi>rr<b 

S&fc, 2fi©&i?fcCPU;fr£©2fi©|il— ©^^US 
jfcS&SSt-r*. S'X^Att. aStt, lfi© (2BT 

&o cpu^-7^-f>-pi4(p*K^5«t5fc«<«sn 
Tus. w»u ifl©s»&cpu/2ttr»^sc 
t*»*asti5a6«. Bi©^j**»wflit€rs. cpu 

tfifl- M3K 1 0 0 fcioT, Xtil^Ba«niCj;oT, 
F£tl£. "bU2fi©CPU*t^— ©/^E»J 
SI 3 © C P Uflt<& 5# D»3W;*n 
&Rrlig«in»iigjc:t*^©^t,2|fflbAv^6«. CP 

[0 0 7 2] ->X5FA© I /O^Bf*SS[e©«^JcV7 
X7ffSe^©fc»©^*-XASiijt-5. Tftfo 

ftftfc#LT«S£nfc/V-F»7I7T*.5. b 

V7h^I77»5. ie©I/O^0-feyil-2 6*Jfc 50 
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I/OXn-fey1«c|Se3n&3>hD-7 3 0tt. V 
7 h^XTlCtoTffi*© I /O^D-fey-D-^x-f y ^ 

7fc*fr5»rl,V*7 FWX&JBHT I /O^— 
*©7FPX£8£BU -?■©&«. 3>(>D-5tttt 
*©I/03>f.n-5 2 6Xtt2 7fcfffi£Sn5. X 
7--Tttto^»^tt. AX-f >^-7x-X 5 6 TAX 
tK**£IUS/tXX7-fcJ:r>Tl&HrC€?. «*© 

n*flfl.£38£U &lc> I/05 i -:7>©7Fl'X* 
Jltfc J;!)) £n>hn-530£, Kofc 
I/OXD-fe S '-y-2 6Xtt2 7*>ett*'^»*»-r. 
[0 0 7 3] AX-f>^-7x-X5 6»V»*ffiWUfc 

<fc5fc/txx5-£ttanrs£. pjt^x*- 
A*tffiffl3n5i»fc»BisniaKA6&v». ia©i/ 

OXD-fey1*-2 6*«:tt2 7^ *SV>ttlfi©/XX2 
8©lfi©I/03>hD-53 0^ Ctft^lfi© 

i /oamcstt* lecswuk^x^xttx^ *x 
us?x*\ xe^-^u^x^) ©wrtuwccpu 

*ttiA-f/XXftf^-C»D. fUt&J^itjL—Jltmtt 
S^fTbT. 2 B© I /OA*X 2 4 £ 2 5 K-ttl£S« 
2B(OI/oyPt?^26t27H, tfefc: 
nX2 4t2 5*^Br:^U AUy-f S?i?J»U 3 
>>n-91 2 6*^-UTaiE&>'>^y^XT3-7> 
HSfiyi'ti. -bUCPU*ti/oXn-k 
9t2 6ifcH2 7ft©Wi?X^fc5-f hftHfrr«ft 
6 «, t> b E*> 6 *>©/ 1 U ^3L—)V1fllE^1t7 H k 
X. JESfta-7>HRlfiES)a:ir-^€^-rft:6« Q\ 
Ux-r X^-j&t^^CitaiEa^D H3;HC«fcoTSE 

7HPxm«$n&n-5r— ^a^^r-^S^-f 

14tl5tt. I/O^D-fe»;-y-2 6X«2 7«»e©iS 
£ (HOWTKVXfcT^WItfcjSSe^) *^E-^ 
LTV>T> R^«'J«9aL-JPtt. ^-f^SS-ltS 
3-2©»fpX5r^^XTCPUICiSS-r<5. (feLC 

jtoaffs^eErr*. l^upi^x^^x^s 

•T. ) CPUtt, S^^-f h^iEKIIffUfc^ 1 

iflfc*»t*w*x^-f^x*B?u. -enatx^vu 

tf. w^r«©^M*tififf*tu iEb<*fTbfct>©*x 
srsfceicAnena. n©^t-c, cpu», s^© 
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*nfc I /Oyn-fe^-th&J^tf/tX 2 4 *fc»2 5 CD 

©S'ir;/ h^ytfiMfrOU h?-f#U'/tX4 3©8r> 
(TagYalid bit) £l|UcfB£-rs;:£fcJ;oTfr5;i 

ia*iffton*i3»c^»!sitei*«4. #y>#7i© 

B&8BB7 1 aS^bTnvhn— ;^tX4 3fcCPtf 

±3H©yo-fe;/im, BUn-FSUffbT^T-e© 
-;i/£x>*-f-5. cpu*txh-;n&x> 

*R#S^UTffi©2ffl©^ p P-fe5'*©/tX4 3fr£5 
>#£g«U *-5bT£3e*tXh-;H,fct£fc, 

cptr-y-g^atyy-xan, ya-t^im, 

[0 0 7 4 J C3 UTv 20©R«!ftife**atBSnfc. 
S52©88nftt. ^WB^*U*^a-;|/©BKl 0 0 30 

WUfc±3fc, *»»^7 1©*— /t— 7D- Ki^T 

KJSfcan*. ba>u ffifr-s^saji^cttt, y 
o-tyiMott, s*wfcii-ena#©^Dy^-ci6& 

*a©^Py^SfflV»T©ny;5'X7 i y^«i*«t»)H 
977 5 0 ©ffiffltt. y*D-fey ■iJ-Sfe^U^^.t 5 ICS 

iti. *bT^n-fey-y-©sgsa<ir&»c^-CKftv»T 

LB8 3£^fc£ffi**»j^,&^fcS8tt^. |g 

10 0 7 5] SIDa^fflfi^tt. 'JT^-f AtV>t> 

Att. *80£|R©PSR|. S©^©^KT*0, 
tMMSTifflJtan, Xttflai[±«^tf 6 0 n s e c ©# SO 
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f 1 7«-5-n ; enu7;i'^-f AT^Dy 

X£f8£f3. fiS^Att, S7'Dt?tf5'7'4 0 
9 7 1 17 3T»Jg;Stt$. -Tfefc*. ^O-feyU-g^ 

^K:±r>Tiiffsn*i^©<^ftT*o. ftstta© 

[0 0 7 6] 01O£#BBLT. »J7;kJ"fA (t0*» 
Stl2£LT5KSn*) tGiS^-fA GtrtHS 
M"^7 3©t?i-ai 6fhS) I0*»SI15t 
bTatSn*) t©H©H«*«H*$n-6. B10 

(a) ©£ff«, lfi©CPU-A. -BXtt-C©* 
-f*MH&T*»)> 65J«, U 7^94 AT© Ijftj t 

as. cpufc»-r<5^ny^i4» &«*ffnav>. -e 

C-e. ^B©«fW©«H»4, H10 (b) ic^snsi 
5fct>©-C*0. uiT. (J9) ttSS£fc«iL/i, 

)^-fAV-»U--f^;Koa*T*ftUftV». L*>U 
H10©H^tt. §MI©B«fctt+a-C**. HI OKI 
*^T. V7)l>i$"f At3-CCPU-Att^3©^Kl 
*»). CPU-B»ffS9lc*r)9#a©^&5lffL 
TV»T. CPU-Ctt4SB©#^t*<5. U7^-f 

[0 0 7 7] CPUO7Dt«;Dfy7401t > >J y— 

x#«jflffl*fcv>&s&fl:©TTX h-;i/-rs. «jt 

«. n— HSfctt^7x5'5 ; ©K©D*Yi'3.4 5* 
fc(iItf>a4 4©5X. 7-f 5 0*»Xh 

7»fP©Hfc-*f^»5iVi5©^, 3^D-feyy-4 6 

an&ffla u y-x iz*. o « o a*. ^ v»^«ge u 
&) t^33>hD— ;unx4 3*^ut© rcptfs? 
-J *fcttv;i^y9'f 7/5Vt-f ^7 9*tty 
-T*<5 (W«©v;i^^9'f7/7 i A^^HISdJ 4 y 
D-fey**t^p^x^*7^-feXbJ:5tLfct*fc 
»^*%Tl/T^^*>o&) CtT»*. t>-&5^ * 
t>'a44t45U, ^D-fey^4 0 

ttffi££fcu&^ rny^uy-xj Tfe<5. b*» 

U S!)©t>©tt, yD-fe^-t}T4t^SfPfflbft:<T'b 
«ffiS^ftW*i7^5r>fyUy-XT?»5. WAK. 

5-f h n? 77 5 0B. (^n-ky-y-*ttt©x h7afp 

&x>^x^r ic^ftira. ^ctxi — ;ur. 

•J y-x©x h-^t7^5r-< yy y-x©x h-;p© 

2r>©^-f^*t*5. 7ir^^yy-X©Xh-JI/ 
tt. 'f D y 9 X I — ^iflJ tftl*. 
[0 0 7 8] CPU-A, -B, -CT*ffSn<53- 
HXMJ-A#H-T*£©-?, 3e©CPU©+^^ 
a4 4t4 5©«t5fty?y$/^ijy-X©ttffitt, <g2g 
^-fA©ex©^-C^WIC^Dt?*S. fcbXh-JV 
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WiyirfW—X (fl^tt^-*** ->;:,. 4 5) T© 

fH>, fefc'ioom Xh-*©g£-CS>S. 01 
1 ££HUT. ^•V->a.5X)6tl4T«iU £©SX 
©iSftO^n— A^-tU 1 4Xttl 5^©7^-feX*t 
Si'Oy? <£IBfctt8£nyi>eU:T*oTfe«kV>) 
©l$!8j&ta>a>-3££:&£-r*. C©8£\ CPU-C 
li. tlT^n— /YAotfe'J 1 4Xttl 5'\©7*-feX 
SRjlftU ^D-;0^t>J©3>hD-91 1 7tt. 
$ 1 ©^O-fey^C PU-Wt 'J7£-feX©68i&£ 

7ii7«» cpu-Btcpu-c^n-en^^u 
7*-fex»c&gfc 8 * d ? ^ j; o$>fc< x h-;p-r«»t 

©J£J& icpuii, imi^A-cMRB*-* at?*> 

BJHStl*. £©««. DRAM 1 0 A**JJ>~79 

-fex©ffi«£®i&i oot©#-5^ >:?£©«&£;£ 
-r. 

[0 0 7 9J 'f>^-Dy^Xh-;Wi, /fyS^UV 

-xxh-^&saofcttss^r. i«©cpu 

B. «(OCPUM<Xh-ASLftHiSI:'f>^- 
ny^Xh-^S-rSCt*tW*5. H12£#JHI, 

y^Xh-^tH^^n*. CPU-AtC PU-B© 

■tJ--f^;m-gc^$n, cpu-Atcpu-B©?^ 

Vrt*j?y 5 0*»6©7;p (foil) 75^AfbtBwb 
a&fflitt7;n&fiifcu n-p^r&frsasottx 

>^x-r saft-r*) . cputtxh7»f^*^$n 

yifffizy hsns&stf, cpuh. yjvyjtnfiz 
y rsnx hrafPs^T-r^^Tx h-;p-rs. ^-f 
h/t»7rsott. *>Uxh7»fftWyxr*iJ!&-r 

a» 6 1 h &mm lt&© c p ux h 7iwe©&*© 

HRItOT. CPU-BU, 3*DyirCPU- 
A©fcfc»D. 5-f h/Xy7rtt*fc7;kT»*. 5^ 

r©9-f F*tt5©rafc^7f5t 
£. 7-f hAy7r:7JK7^ytt?U 73*15. £©? 
U7tt. 'J7^-f AT?t6IC^MIUTEll5*« (Bl 
lfcB^SnSllltUcfcD) . fiS^-fATtt^fflbT 
HfcH. V>*. tM?A-i|-»I6T©tfr<£tt. Xh7ft 
fFC*££<Kjrr*£. CPU-Alt 7-fh/XyXr 
7;P77^*^U7Snfc«Tt6-CCl©Xh7^fi : 
T-5#, b*>U CPU-Bttt3Tir©Xh7l$»4*£ 

^ffU -t3 l/T» hnyyyyjvyyififitt^ 

V HStlT^SJltS'^V^UT3^D5/^©SX h- 

^fctfcitntffcefti,*. zlslt. cpu-buxh . 
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-A-s-raat. cpu-Attxh-Asufci^. 
(0 0 8 0] ifl©cpuiix h-Ar&r«*<b*inr 

tt. ****** 5* 7 l<!)im\Z®W&:&?Z. Hi 
2IC*^T, 8J0a**t-tf^^;pgfai7-e (CPU- 

B*ii64H*a>sxi — ;vsbTti«iafc) sr©cp 

>*Mi?)VU* t7TPfCPUfc*ji,Te;i*. fct-y- 
-f^^A^^^twtcpufcffloa^s^r&s. c 

W PU-Att1M*;p»ftI7-C8l9&*£jiS*t, C p 

u - b *;hhr 1 6* &&i;sx h-AtM" tf)\ 
©rafc«»>a*sji$. -t-si/c, «oa*s^-rc:© 

7j8s#. £©2fi©CPUfcSfct>fclt>«frT©Wk *> 

L±c pu*tx h-;p$n<5*»xttx h-A*Strc»& 

[0 0 8 1] -tf-f * A-**>*©ft£Rfc;-3V»T©SiJ©S! 

isb. tn , i'^tt»©«iiit^ffl©nfft©i!afcan*t 

g90ji:**t*-f^;Hh»i6TCPUfc7RSn**^ * 
# ff©SII8©fc»C!Sii}'©^Dyi7©gn*«-t}-^^;Hf» 

1 6©&w t c p u^©si o a*©s^©pBfc^ifirr s 
titarr*. -t©is*i4, cpu-a^j, Jioaoa* 

SiM * A-ffft I 7T«s-r * CPU-Btt. iM 

1 6*»6©x h-;p©^fcftioa***BL 

T. 2 e© C P U fcSfc:* fcHH*T«fl.£# fl 
U7;V^'fAT<lr^/X-f^ , 7-f >©«ffl^=^"r 

* r t ©ajufe&ta^sn-s. 
coo82] mry&^nm hi*»6H3*t?©3« 

©CPUtt, ^©Sftayn-fes'-y-tLTSIig-r-SCi: 
39 ASU^^n. «t>T» 3fi©CPU©yD^5>y* 

;wt* s ji t sff at- *fc»fc-t©rts«ffifcii lt* 

- HSRViT. ±E3fi©CPU©*^XhU-Att^ 
6 ©^-y-<>^|§JS 1 0 0T?©^P— yt;l/^t»J7ir 

•fex©#-xY>^*tHiiictt-5&*55. ^ 

-h-T^t>©tt. lB©CPU*JiSS:»UT^*©*t, A 
ft t> S/-ir >x ©*^*Slff U TVJ 5 ©*»^*> 6 ft 
« V>. Hfi8X*-Att» t>Ltta©CPU©3-FXhU 
— A*». fOjfiOCPUOH- HXhU-A*>6^«^ 

S3t))i*^ffltt. *a©cpu-f>i-i?*«i«fr-5io 
©^*nxASfiftr«. 

[0 0 8 3] T<T©S«9ii*tt, «ee^Air^»iu 
A, CPU-BiCPU-COfc^xMJ-Aatggoii 

*©<s*tLT»tti/JSv^t«a-r* 

XhU-Alctttt©KHt>*5. «jt«. lfi©yn-b 
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#N»fciB;i 0&**t3- FX h 0 -A£#t*3tt 
•fcX AjWB©C P UT£7 1 >t^X hX-f y 

©c p u*t^D-txA©siff sant5m*©c pub 

W^yD^5A*"»^©jBSyD-n;^^EU ess 

[0 0 8 4] CPUfcfcW-****^ :?©«*«, ** 

±CPU©A^Xh'J-A*JB-ft©T, 
*#-f > h««-tt3|i©CPUt:*«-<5<Ee^ AfcT 
PUjaT^US. Bfilfc. £T©-£©J:5&PJSt0Wl. 
HU *3fHR«^-YAfc^MUT±i;s. «*tt\ TLB 

«^tt**HJW-r«i«ia5w^-c*s. TLB«*ra:«aa 

^ft»*TL B 8 3 ©£©X> h U fcfcjB&bfcHfc 

e>\z±cz. r fux £v» 5 W- 

-A©«MB£©T» #Rtt» **fig:J"f AfcHWf 

*. TLBw^t^ai^-f^i-i^jaTsct^asite-r 

S&dfc, TLB8 3©*dBtt^3fi©CPUl 1, 1 
2, 1 3»C:feV>TI^-Tfctttltf&51\ TL 
B8 3aW7h#X7&*mc«fcoTgS-C€r*©T, # 

K^n*. wtf, ^cpu*tHi;^xh'j-ASSiff 

■T-5©T. TLB8 3©«effil4»CfieB^-fAICH»IU 

B*W7M>x7fcJ:0^fT3nSft6» -£©fr»tt£ 

SfflV>fcVV\-Ftfx:7fc£0&fT3n*fc&, *©fr 
KttHetUT^-fAIC^IST?**. 
[0 0 8 5] *S©«*tt, A»CH«LT 
V>fcV>. I/08B2 6, 2 7Xtt2 8li, 3fi©CP 
U 1 1, 1 2. Stf 1 3©fiEg$"f Afc-3V»T«f«*^r 
fiEoT, I/08B»CkoTf8£3n-5£T© 

ijfcfifi^-fAfcNiB3n*ftn«*:^&vi. 

??»jap r n-fey-y-4 6**CPUi'iTr^'-f i'D^n 
0 ICS<»^Sn<5©T. I/OgS$JD&* 

[0 0 8 6] *|-$8BB. 3fi©CPU£ir>©3|ffi« 
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CPU©fi*©ffr^XMJ-A (fiS^-fA) tmWC 

s©f3jflt>Brm«\ , bb»^s^s**'JT;^'fA 

tl©BSiaK:t!r)&*£BS&U -e©tJDii*ai-£-©flt 

raic^cpu feasts n*fc&«\ 3«©cputt. 

S&r>fcfc<fr-Cflfl.F7?>:/££D. 3fl©CPU©7 

fcKSJ-paSjWEg^-f Afc|iM8l/fc<rWS>h <8J») 
»*©*3S) ©BTNfe*. 
[0 0 8 7] «»©S10a*|4. H1*»SH3*T©^ 

***fc:tic«tD, ss^-f Ac^jars. Hi3 

tt, 02©flD&#EW£a@&6 5©£D#Mfc : /ci 
5>*H£*-f. ftCPUtt, ti;a-*14XH;l5* 
&5-D*5'f>6 9Xtt7 0*»6©^aaoa**Jiffi 
"TS^Egl 3 5*£fc. £©»«tt*fca>i;afc£;£ 
n&IM^SH&T. «A«*"»^7 l*»&A*9-f 
>CC-4Tfi^**ffl*sn*tt»-4-CiB;i$. }$ig 

snfcaoa*tt. cpura/^xi 8fcfrUT«©2« 
©cpu^Esn*. c:n&©»E3nfc®jDii* 
«. *««sioa^tfftfni. scpun, 12, 

1 3j&>Slfi©3fi©;fc»£SJD&*J&t*<&. #-^0 

5. <*-f 7 1 tHUfian*) * 6*> c«> 

iM3tl&*M£A*Hk'C. C©«T?ttA*7-f >CC 
-8fc«fc»)g»«6n&-9--f^;l/8-C, *I0a**-^ 
136tt, 5-f>13 7i/lX5 5i4 3£fl*UT&' ! 7 

-f * a 7n t y * 4 0 ©a 0 a* m y tzm 0 a* 

0BU ^CD--f^)HfftTt(Da*SS^0. 

[0 0 8 8] HI 4tt. «ffl^-fAfc»LT9IOji*& 
BWfS&«)©-f^>h©^— $r>x£jSf. CPU 

a. cpu-BR^cpu-ct*sn&ma, uz;v 

^•fA-C©ljStT©ftCPU©*«»^7 llC*»t<5D- 

-f ^;nfas^-r. irq_a_pending. ir 

Q B PEND I NGRWI RQ B PEND I N 

Gt^Sll&fftt, #-^1 3 6©AA^CPUK/tX 

1 8s^i/TiS'&*n*^r)a*©«ffis^-r 

hat-fey hstiT^-sctsjefc-ra) # j 

RQ_A, I RQ B, Xtf I RQ_Ct^*nfcff 

li, V'f^D^ , D-fe-,*4 0©ar))i : *A*tf>©«J8 
(7'f>13 7©g#) JlCl-ClttSI0a**t 

iJOa^ (EX_1RQ) t0T7-f>6 9IC*3S 
Stl5. t>USI0a*»Egl 3 5*tSI0)i***iffi 

u cpuiaj/txi 8fc-y-< ; >;nfe:4-c5)ffi-r-5fee 
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«. I RQ C PEND I NGttfl?IU tlTl tZft 

D» I RQ B PEND I NGIJBJfBj 1 2"C 1 \Zf£ 

D. I RQ A PEND I NGIi^lSJ t4Tl tZf£ 

s. t> i>m o a**-* 1 3 6 **iM * MHS 8 "C§J D 
a***fc£tfy h*#-M-*fcSfcf. IRQ_Ctt8$ 

Kt5T-llC&D. I R Q B W^BJ 1 6T 1 0 . I 

RQ_CB^rat8T?HC3&:-5. -t©16S, ffloa* 

n*. 

[0 0 8 9] B15fc* H14fc*Snfc7;HfJXA 
)V1J9>?7 lj&frt^a-n 8 *£>^fc:«fc 0*3*15 

ntcttjft-r*. fl-sssgoa* (ex_irq> wra 

*S«?ffiU *-f ^HHBc4-CCPU|ig/tXl 8fcfflr) 
a**»Ef*. CPU-B£CPU-C;W9fSlt3© 

u c pu- A\tmm 1 3©^ffc-9-'f *;nrasgsfrr 
«. *-©ies> cpu-Att^rat4T^suoa*s 

b*»U feUS(Dii*#-^l 3 6 

-hT*«:6fi. CPU-A©8)Da**-i'13 6 

^fflt7TI RQ_A_PEND©*|£S§g 
f*. CPU-AOWOa^wK-^l 3 6tt±T©CP 
UjW«fflO&*S#ELTV>&V>;:i£BS*U sue 
S*lfcf!!0&**ifc£try h£«8WS>X*l 3 8fcffl 

AsnxiMBsn*. cpu-Btcpu-c<Di5oa 
n«OTt5fc t4Knmrz>. cpu-A©sgr>&#jH- 

*©<fc5IC» cn60#-^tt, £T©8J0fc**ft£ 

•fey hSnfc*»©»Da**ft«t:y 

* 1 3 8 fclflAStlTlWftSn*. &CPU01K** 

a— /t-u -tM-* ;m-ft 0Tft»*i8J&-r a. ttfirag 
D&*«**:£3K;*nTv>£©-r, cpu-Btcpu 
- c©sjoa*#E& i3 5ii. -en^wf t iott9 

fh&#4l£^L<fcofc£€flC*fj6rr-5. I5@J 1 12T. 
CPU-C©S«3a*5H-^tt, CPUKA^l SfcSJ 
Oa**»«hTy h&lta-rs. 1 3 6tt, £C 

#ssi9a*&«isuT#E-r*c£*ift}£u Tn-t 
r99-y?4 0 KSa oa***-r. «S t I3<ki§i§j t is 

fc. CPU-BtCPU-A©SJD2:*iJ?-^ 1 3 6 



(19) #B§¥7-13 7 89 

36 

[0 0 9 0] <«&US>**> 01 5fc$5V>TWLT± 

»fc*anfc»Dfc*->*'j*fc*vvr» 1 3 6 

«. ^©^x-haoa^fija^irrifcj&fcis^ 
1 3 8£«yrr s. *jic. «^nfcxr-h 

tt. ±CPUTft<VKo*©CPU*t^S«02 : *^ 
iSltEL&CfC^fc. t>L^X^A*« (HI 5 
©tt«©<fc5fc) ^fcarafeb&v*©^*, 85©eqic 

fix&n. soa**-* 1 3 6**3g 

tt^stifc^-f ^jnfftTf^n-fe.y-s-^yT'Ki^an 

*. HI 5©fllC*5V»T, SD2 t *tt-!)-'f^;Hf»7-e 

[0 09 1] H15S#»UT. *>UCPU-C*tgD 
*U S9*-K#8J0i£*#Egl 3 5«JlEKai8 
20 UfcV>.fc3fct>©T?fcntf, £©££» febT'D-feyt)- 
v 74 0 fcS D fc*S5RTt}fc:£tJ 0 If y 

bifi±tf hSns*-ca»)a*#-^ 1 3 6*t#oft^ 

v\ ^3UT, &jeie©cpu©fcfc*iH©KOj&*£ 

C P Ulco^T©^(*:©gjr)a*©^x->&8ltgtH3fe 
[0 0 9 2] tmws?;** 1 3 8«» S«©8U0a*Jj? 
©SIDa**»^try h€«SUfcClt*#-^ 13 6 

ty h*J-fe5/ h3n«e*tft<5 2^W©>^-U^*t 

&*. lott, h 1 5 fcsauT^sn^snfc^ 

U*T*->T, CCTtt. **CPU 

©sr Da*^E-y--f ^;v©WT*«*t^-©te©c p u© 
sjoa*»Et»-f^;p©ftfc^sn«. 82oj^u 

7Ttt. ^&<fblH©CPU*«, aDa*»ES5* 
*a<f5ji.'r*fc&tf. X5-*UiB6l±©CPU»c#fi 

8 *tti 0 tz i; u 7 $ ns c t s tejg-r 
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1 3 6B. Zfu-kyV^VJA OIC 

H»i&aiaI!SfcJ:oT)feasn*:J: t s^-r. 
[0 0 9 3] 1 3 6tt, £IBfcB£A,& 

1 3 7©ttffi£«*3i£UT, 
OfcfflOa^^-r^S^tfflO^^I&SHKfc 

[00 94] (tya-nD''fi'Ml)>i') 01 5(0 
SID>i#|i|J8©«B, MDi&»*9>j'&e?:x-nN i0 

&. *S>a.-ON-»Kf ^^^©tfyBB, SIDji* 

:x-ONiH****>*«:«ffl-f*i. ffloa**- 
MK^PB. OiN-1 (NB1M*;V#tf>:J'© ; fc 

-MJ--f^;Kofc»fciaRT^. -y-fiWRB, nu- 

1) BffifflT?£&V>. 

[0 0 9 5] NcDfili, S'X^AtSEOaxe&^S'X 
1\ ^*t*$tl*. CviCdB, -t 

(Hi3©@iSTtt, cneB-en-encc- 

8tCC-4-C*<5) . CC-8<fcCC-4©fiBv 0 
tN-1 <NBiK*JP;fr£>*©^-;>;L-nT&S) 

Kfci-DTfF$Sn#-5 3«©^D-fey-t)-CPU-A, 
C P U - BXtf C P U- C©W©1M ^;Hh» H >J 7 h 
©§*STi6S. d©^Di:*/D-Hy7htt. »J7;^ 40 
■i A©ljftT*CPU^6^^AC>^7 1©X^" 

ft. g*>Sv>cpu©-iM*MHSc£&»©cpu©t>- 

&3n<5) fc^DttS^n-S. Dnai©ett. NtCvi 
Cd©KStbT*Sni. 

[0 0 9 6] DnaiB. SICv-CdOW&tLT 

M1R?2Z:£&l>imK.-?!b. HI 6©^^-»J*S#Bi » 



1 4$H¥7-1 3 78 9 

U Cv=8tCd=9£{KJTfa. gl6»&. 7u-k 

^*H'J7httDiiai=4T*<5t|f»ia*4. 

6 9©^ffifflr)a*tt. Bflfflt4T£3&3n*. £©« 

a. CPU-Bit ^Kt5-CS9Da**«Sl/»fi-r 

•JXAtoi;^**t^t>3iVi. fc-iffcs, cpu-A*t 

8< 0 &*»E*-f ^;H£fro fclffiC: CPU- B*t-e©SJ 

y =*-©k«b. cvt cd©n± d fejucttnr h y 7 b 

[0 0 9 7] C©Hf6B, M*mizX<D£5tzm<ZLt. 
(1) Cv-Cd < Dwx-e 

eii, cpuk/xxi 8fcejisn*«ioa* 

y h©fc»fc&£fcPSIST!**. U©«-Ctt. 
e B 0 StiTUfc. SKfh©^^**^ n v w< 

V>S©T. e fcfi^fcffl**. n5l/C. *©5£*q#5 

^rSiC (2) Cv-Cd < Dnax-1 

CCfc. DmiB. •9--f^^a©SftfitLTa$n 

*. 

[0 0 9 8] S*©K'J:7H&tN©Pft£:bT& 
-T21t*tr€r<5. HI 7tt. N=4T^n-fey-^Hy7 

hD=3©«^©5/^-y^S^-r. cd=o t&jrr 
<&. ft^n-fey-y-w-y-^^^tfftoic^BSS^ttt. 
❖■iM*;i'M-&©ia}©&# (Q) s^r. ****** 

*©itB.' i/n (ib, «ig»oH**fran&*^«c 

T»<5) ©M&T&5. A^U-f^;Hfft©QB. 1/ 

N©fift«^-c»*. t>L^«woa*3mrat3Jc*3i 

Sn*fc5tt, CPU-All, «MBt4WHB&*£!i* 
flSU CPU-Btt, ^W»5fcaoa*»filK^Jk 

**fff*. cpu-Aic^-rsftio^^ffi^^^ 

*<Q= 1 T* 0 C P U- B 0&*#EiM i' 

;wiQ=2-pfts©r. cn»ras$*-r. Hfl!ia3S@ 
KB. ffiS**£^a>©£5lcfi!frU rpUT^btil}- 

[0 0 9 9] «t>T, N©H»tUT©DMi©H«B 

JjUjZ (3) N/2 > Dnai 

CCfc, NB<H»T»0> DiaiBD--f^;Hf-ft©fi& 

tbT*«*. rtT, ;*r85S (2) t (3) B*ICS 

*r;:t)>tT€r*. ^esc (2) t o> tstt^-rs 

*SSC (4) Cv-Cd < N/2-1 

CCIC, N©^6tlfcfilCjt*bTCvtCd©Sa©e 



-932- 



39 

[0 10 0] ±JB©£#gSCtt. N*tffl*<5£tt*£< 
»*^T*5Jlt*^-r<5. N 5*3 5 i 

#«Ett. > 6 9 T©*K8i!! 9&*©£B£ > 1 

t©ra©«srarai!rcfc<5. fo^otywqjDa*© 

&V>. 3fl©V'f7n7*0-fcytHi, ^Dy^jgK^tt 

■bSV^D-fey-U-i:. -E-©tt©7 , D-fey»h&t&.5. 
5rA©ttffittSt>av^nlryU-©ttf8K:J:t>TS»«i 

co i o i] a*©aioii*©}i«tt. 

(5) L«ax = 2N-1 

t*d. ::c, Liaxtt. iM^MHrcssttiUfc 
*©*jo&#©»arcs&<&. a*©ffloa*©#«tt. 

gjS© ^n-fe y -9-©Sfi| 0 &*#K1M Cd©8Tfc 
a *>« ^ ^ D -fe y 1^©a 0 ii^E^'f ^ ;u C d© 

©sfcjwe;:*. ¥3©iao&*©«*a:©ff-jm. sa? 
©^D-t y -y©ag o ^^©ar^sfc® 
u^D-t y D-©a* oa^fi-y-r ? Jp©«ifc^sj9j 

©«*«. ^©^aH^icioTissicft^sns^ 

P-fey Uia© H »J 7 hfcftfiPT*. 
[0 10 2] fetJ:n6©«2i5)&*0TNfc.5&6«, ¥3 

©»«tt*©5Sr^sn<&. 

(6) Lave = N/2- (Cr-Cd) 

cns©iif65j;*fflv>T. n, cv» xntcd©fi*t, d 

■axttS Da*©8£ilc2#r*S'X5^©i!8£&ffl 
LTtfcltatl*. N= 1 2 8, (Cv-Cd) = 

10. Lave=74Xtt»4. 4T-i >/n& (X h— )V 
tf-fSUV&LT) *S#?-TS. 4tfyh (4-3©2jf|X 
x-S>) Tla^OMHffl^f^tl/TftflJS 

CC-8fc*S#i;U>f£|gfl*flH>T. N=16, C 
?=8. Cd=4Tfc*;:4:jSft#j&>»), Lave 
= 16/2+ (8-4) =1 2*M>;)\,t1it>%Q. 7 

[0 10 3] (D-*J^^y©fc«)0>j7l^y->3.« 
fp) U7l^y->^*^>^7 2tt» *>»^7 1t7 1 
&&tt\z%t$rtrz>o>t.mmz. (v-»tM'*;i'T!» 
<) £Xh-AdW**efHkrs. BWtt. U7JW 

tf&T& C P U fc'J 7 W y ->at-f ?;H£gA?--5 £ £ 
»*Ktt. 6CPU«, ftr^XMJ-AIC* 
1>>T«S©C P U C&r >J 7 Is? S/a-iW £ A*MT 



> #^¥7-13789 

*. n-ajM^EU 1 6©DRAMtt, i^D— /tjl<&* 
^Uk:o^T±»tfc < t5»C8msecSfc5 1 2 IK 

T, *'7>$'7 2WL 5 1 2©lfr*7Fl'XLT. 1 
5ms e cSICl@DRAMl 6 fc'J 7l^y 5/3.3V> 

yS'a.©IBfcgj£$n&fcS»i. U7l/5'aj8S||7'*'* 
*-CHi?-Jt:S*t4i;s. M»U #CPUfc*tlS# 
© D -* jM * ij © ij 7 U y is*. * U 7 ATtt© 

cpuicsiAicjaais-fricttt. cpusrai^s^. 

[0 1 0 4] t>LT£BEJM^*i»*5«fc3fc 
U7l'y^a.*-Krt*X>*-a:rv5&5tf > *-f3> 
£0*. l«©CPU±0 2^ny^^ltg<*»)J»««fc5 

— $->xat.k0EKtfcc puica ox>^-$n^©c 

P U*t c ©;W~5 1 >fc:x>^--rSffllfc U 7 P y S^a IC 
A*fcStf. CPUtt, *2C«|vo><. L-*»U C 

*i6©raa©v>< rttASStf-s&ttaiK 9)V}jv>? 

7 IS ('J7**KA©ft*>0fc) ffiffl-TSCttt, X 
T. feWP-7fcAoT#<©Xh— ^S^US-B^fc 

sri (7m©xh— )V- y>it*^cs«sct*ipi 

IB&Stt) . HfflftU 5ms e c©ftfiA»eS : L<«^ 
$nftV>ft6tt» U7Wy->3.©{t»fc-&t>-r, ttfgfc 

c©?i6©&je)ic» H2t:^sn««t5 

fc. Xh-;MM , 7JMifB2*'7>$'7 2T?fe^S3 
tU C©*7>^*»U7Wy^3.a^>^7 2T?»fta 

n-sct^cjRfcarsftK, £io© y 7 w 5/ aim 

^)5<»AStl*. U7Wy->3.*«»^7 2 

tt. i)V>9 7 1 t^«^to«T. 28-rat>-6 2 5 
6y>Ur-ii/)V&m&L, ^--/t-7D-©t^fc»j7 

i^y^a.©^jj«sf»/tx4 3*^bTmaan*. — 

ifcgL-T) 28Xh-;^-f ^^Sffftb. 

^ (* i 5^&7 2b»imlc8^^y^a^r>^7 2a©& 

»©ty h9*>61 l-C*oT*>«tV>) . -£5UT. »J 
7Uy^at-H*»Sate:X>^-Sn, CPUt4*0 
>9 V 3 J>*9 7 2 b©ftfc±t>T**nS^»:©S10© 
U7W5/o.Sff5. u5l/T, t>l/fi«lig©xh-JK 
>x>^7*ftHff*Jfij:5a6tf. 'J7Vy^a©JFJ% 

1 5V^7n;B>££fclo©ttBfc^fciS&»K 
U 7 X 2 5 6 *T©X h-A>*Mir)l>m-&i£ii2>tSi$ 
\i. S«fcy7l'y->a*-Hfcff<ttltU7kyS/ 
a. S ftfcfT©R*i£ B ±© U y U y -> jLaaEiTji ^ft 
<©T. 'J7Wy^-y--f^;H£ffig|cS<-riCltlC 
«kDttffi©*fi:tt^K 

[0105] Wt'Jffii) S1*»603*T7©CPU 
11. 12. Rt;i 3fct HI 8fc0*Sn5i3«Cffl 
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M/U hT$>r>, ^D-Wt'J 1 4Xttl 5*t3 2 
M/X-f hT*S«£J§V>T, D-M« 'J 1 6 *t, * 

p u* * y 7^-bxsra©Hi;aR«tt o a»s 4 o M/t 

'f h£T©Y5>7©-ST**. 0*>68M/X-f h3TC 
©8#£ (3fl©CPU^S?a.-;i<T) 3fifcU 8*> 
& 4 0 M/t-f 2 fifcUTV****. aSftfctt* 

tl , P©0*>64 0M/t'f h$T©WS7Kl'X!Slt|j&* 
»-5^tT?*<5. AX54T8MA'f hSjaAfcyFW 
Xtt, /XX-f>*— 7x— .X5 6IC/ ; tiJtv J 3.-;H 
4tl 5IC®*a*$*t, UjfcU SWUh£kT<D7 
FPXtt. CPU^E5?a-jHE-na#^-cn-*;MqE 
U 1 6\Z7*r*Z.-tZ. 

[0106] tttea, D-*jMt'j 1 6-vmff2tiz> 
Eer«c:ticj:t)*»sn5. -tut. t>b^*y^ 

f TWSSftTM: Dttnx FT«k D gfiSTftorcSSfc 

v tmmtzfflaztiz. D-*^qEU*t3 2 i 

M/t-f FTS&oT, jro-/UM«y#tl 2 8M/W h 

X5\k«. n-a/M^yfcLKiMres, *-©<fc5& 
^ * y fit^n-A/M^E y x y 7 (* ^ y t^a-jn 

4£1 5) 

[0 10 7] Hl8©Ty^<0n— *;M ; &yS»14 
l©rt€ftt> 3AOCPU11, 12Rtfl3fc^t« 

to^tm-m*. 2fio^ ; ty^$?3.-;n a 

4 £ 1 5 HU Sn&WigTt>-£©2ra 1 4 2ft 

©PfUx-^S^KPtSfc^tr. D-M^tVU^l 

4 1 rttettuN 1 x*^-tv >^->xxA©itje>© 

814 3 (3-H) *t»«sn, C©xy7tt, 6CP 

uoD-*;Mt'j 1 6©Hjesnfc»»rtfc«»a«fc 
*y 1 6©B^snfcxyri 4 1 lonosTsn*. 

^-hTy^©«*|^^T, £tt5©7Dy£r«, ifu 

-n;M*y*fctt5 s 'fXi"s, xri^D-/t;M ; ey 
xttx-rx^a^SEftsn^vi. d— *;M*y©tt© « 

^©fc»irfiefflan, Jin6©^-^tt» nr^v—j-^ 
>{f'y7s7-i^omt<oT^.ifa~n)V^ : ei) 1 4t 1 5 

©xy714 6fc£«S*XS. 
[0 10 8] $'0-A>k* J Eyxy714 2tt» X»J7 
1 4 6 sa-if-^-s;©&j6©xf— i?>^x 
•J 7 (staging area) tl/T. *&xy 7 1 4 7 fcfctf 
% : T<<x>;nyyy£hT®mzt\%. t>U±CPU*t 
l^Dy^©x-^©5-f h«ff53-HXttD-*;p 
*^y 1 6*>65VX*14 8'v©=i-F£3SfT"r£fc 50 



a #$¥7-13789 

Stt, 7*-fX^/ty7rxy714 7fc3i;-56-rSfc 
»©^ratt I /O7o-fc -/-tf-2 6 i: 2 7 KBJSIC-fcbT 
I /Oa > F D-5 3 0 SrfrUTrV X? 1 4 8 fc3 tf 

*©ttfc07VX*/ty:77Xy71 4 7fc5-f F£fr 
3C£T**. JfclC, ^CPU*t^©3-H©Slff*Ji 

©siat, coy-fx^fc^-f F£? sftffr&tfffcti 

T, ^CPUfc»UTh5>X^7W>MC, *-©7n 
y^SX»J71 4 7&&5VX£14 8'\#i!rr3. H 
«fc#ife-C. ^D-A;M ; tyxy714 6tt. 5^X 

*«#© i /07^-fex («*«*;?*) ©ESfcias 

©&»fc. I /OXt— e?>^xy 714 9 

[0 10 9] HI 8©*3a«^qEyVy7l*» ftCPU 
©©fiS^qEy^aiJ/XxAtli&r 
*. H 1 9 tt. m&totZ&KTmZWtR 2 0 0 0 7" 
OH:vt^v7©(BB7Fl'X-7y7 , *n*-fS. L*» 

*xXAffaS3dtf*IS©7D-feyi}-^y7^j6rr 

[0 110] HI 9fc*V>T. 20©JJ402G/Hh 
©SS7 H t'XSB 1 5 0 1 1 5 1 #0^3 tX-5. 7n 
ty9-4 0ti. 20©^— H. a— +f— H tgt^— 
H. © 1 r>T»fM- <5. ^SE7n-ty1«4JS:«f, a— *f 
- ; E-H»C*HTXy71 5 0S7^-bXT^ feb< 
Hlt*^TMxy 7 1 5 0 1 1 5 1 &7*-feX 

t-<&ct*tr^*. Rt-Hia. *<©ff»ts»c«>t6 
nxi^sa*- h tmmx&z. 7nty-y-4 o «. 

©»JXh7 (RFE) A^*^ffSn<5STS*-HC 

**y7Fwx#»ft3n*& ; bt>'? ; ,fc:> 

2G/Wh©* kuseg* tUT#H$n*#»©- 
«&£87 K WXSgffl 15 0 &WfflTlr-5. H 
PXI4*fc. fi*6 4fi©a— if-7D-feX©fc»©— 
8WCS7 HPX*JB*r5&»lc» 6 \L*j h©7n-fe 
Z7-i7 : >7-j7r'{7 (PID) 7-f-;H«*ffl^T 
itffisn*. a.~1f-^-Hfc*Jt5C©-b^>M 
5 0 *-e©r^T©#Mtt. TLB8 3S^bTVyK 
>^Sn, *f>al44tl4 50«ffl|j > TLBX 

[oiii] e^-Hfcfe^tir, £8**y2ra«, 

H 1 9 ©Pixy 7 1 5 0 1 1 5 1 ££tf. £©2ffltt> 
4^©9J^®-fe^>hkus egX«J71 5 0, ks 
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egOX»J715 2. kseglX»J715 3Rtfks 
e g 2 X'J 7 1 5 4 SWTS. tfc^E- F©fc»©k u s 
e gX'J71 5 0©-feif;*>Ftt, a—tf-^-F© 
"kuseg" XU7fc*ftSLT2GM-f h<D*M X£ 
#TS. «Et>T, tS^E-Ffccfc^T. ^D-fevD-ttSS 
ta-tf-t- H©#Mfcfeits «t 5 lc ©-fe jf^ > F 
tC*tUT#BB«fr-3T* a-tf-^— 3"v©tS7?i:X 
SrffiJfcflSf*. kusegIU7150B. a.— !f-3 

s egOX»J71 52tt, toWfflT F PX2>ra©aj»© 
5 1 2 MAW hfcififtfcTy t!>^$n<5 5 1 2M/X-* 

TLB8 3*t&8t&V>. C©-fe5f;*>Ftt. 8*ff5J 

*'J 1 8©X»J71 4 3fcJ;oTaan«. 

±Ek s e g 1X'J71 5 3B. kseg0X»J7i^ 
Sl^. <8r3697FWX£ffi©t0»©5 1 2M/W FfciS 
*t7yK>ir«*i, **->jLSiT3*, TLBX>FU 
£#V>&K kseglX»J7tt> *vv-o.Sna:Vj;: 
tfcWksegOI'J7tSft5. kseglXU7 
«. I/Ol^X*, ROMH-HftlX^^i'/Xy^ 

a i 8 ©&swvy 7©xu7 1 47^149 tat 

Jfc-TS. kseg2IiJ7154li, 1 G/Vf F©£RI 
T*0, kus egX'J7©J:3IC, ^■vS'a.&fflVOt 
ttJBWfc. tta©«S«7HWXfciRS7HPXS-7 
ye>^-rSfcft©TLB8 3X>MJSffiffl-r*. 21 
©kseg2X>J 7tt, a— !f-HE— Hfc:fcV>T7£-fe 
XTlff. 8;e-FfCSVvt©*7*-feXT3.5i:V>5 
C i**»t**. k u s e gX'J 7 1 5 0 
— J- A >y->^T-A«, a— if-^-j??-^ CUE 
»JVy?) ©&»tii»fcilDST&n*7 i -^XU7 

»*ftfffc&fcV>X*y*i/X-;/n-feX;r-* <per-pr 
ocess data) ©fcfetck s e g 2XU7<£ffiffl"r<b. k 
s e g 2IU7B. ±XfrMfc<DT-7n— tt&gtT 
««k0tttfU5, /t— S'X (per page basi 

s) ^©^w=¥^s/>^tvytr>^RrffiK-rs. 

[0 112] Wm7a-tyV7*,-7<DUyxir 7 6 
XttP C 8 0 t/XX 8 4-C©fflAfcfgSi;*ns 3 2 Ey 
F©fc«7Fl'Xtt, B2 0ICjpSft$. CCWS 
.fcSfc, EvFO-l 1», B3©/tX4 2T©7Fl' 
X©T& 1 2 If y F t bTft^ff lC«ffl$n<5T7-t y 
FT*0. t5/F12-31tt. tfyh29-31*tk 
usegxU7. kseg0x>J7, kseglx«J7 
fttf k s e g 2XU7©raTSJ?f SteB^-^Sc (V 
PN) Sft^ff+©7 , u-tx©fc«>©^n-fex 
T^=fy=rAVr-i7 (PID) tt, TLB»r<fc-3Tfc 
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7**XWffifcW>X*rtfcfctt;*n5. 64EyF© 
TLBX>F'J«. |i?8HC02Ofc$Sft, HCTA* 
*«fc5fc» Cfi7FPX3&»5©2 9t;-/FVPNtt, 6 
4 tf v Fx> F U©tfy F 4 4 - 6 3 fc&HSft* 2 0 
K» FVPN7W- ^FtfctfcSft fPSfc. p 
I DtttTy F 3 8 - 4 3 iifc«;*ft*. fcU**©-^* 
6 4 ©6 4 tfy FTLBX> FU ©Vvf ftfl>fcji,n£$ 
ft£&5tf» &i&ofcX>FU©lfy Fl 2-3 IT 
©^-$> 71"— ZxftPFNte, («©£ip#S£-rS C 
tSfijtbT) H3©/tX8 2t4 2^bfcW*tl, 
TffijaStl*. TLBX>F'Jfc*tt*ji©ltry F© 
«BU N, D. VRtfGS^t*. CiT, Ntt**?*/ 

a-e#ftv>mgT*o, *>u-feyFsnn«, 

4 5 7^-feXf*fU)»)fcn-*;^^uXtty 
n-A;M*yS7^-feX-r«. DWU ^FTtiT^ 
FtyFT?*0. fel/feyFSftftfi, D^r— > 3 >*t 

r±jrnj t^t, a?x. 5-f F*jffiT&5*t, t>i, 

0fc6tf, 5-f FSMm F9 y y*iS£?- 

U #fcjE3&Ey FSH-ky F-r-Sfc*»T?TLBX> 

F'J£*'J7Ti!rS£££j£9rrs. COVE? Ftt, 

***-r&»fcffifflSn5. GtfyFtt. lEMifcTLB 

af?©&»©p i Dv y ?os»*Jia-rsyD-n;v 

7?-fcX£fR-rs&«>fc:;&5. 
[0 113] «B3>FD-53 0tt, D-*Wty 
fc»bTDMA*tt«fcff5Jlt35«T#j5:V». t£t>T. 
yn-/Wtij|t T>UAif-i^<o fay {r^st (A 
SWICtt5 i WX^14 8tt£*»6) ©&»©Xt~ 

^xu7tLrtefflan5. cpuij. 3>Fn-5 

3> f a— 7 3 o fc*v>TBtt 
izmfttmrtz z htrvz*. b*»u^s, ^>f 

O-93 0HU ^D-^M^Ufc^-r-BDMASBJH 
T, DMASff3i:t*tT#*n. a>Fn-5 3 0 
tt» VME OtX2 8) VX^fcftSrtdtTS, 1/ 
07utyV2 6Xtt2 7fcrt-UT^ ; E»J ; E>»jL-;H 

4t 1 5rt©jfn-/t;M ; E»JK:g[SsfcU-F»fPt7 
-f FSS^fr5. 

[0 114] yn-/t;MqEUtD-*^q&y Cftt; 

tVX?) t©^©^— ^©X«7ytf>^a, i?7 
*-;kFtX-^>df^D-feXt©— ^FCfc-pTBijlfiS 
*x<5. 7 , D-fex*t*ff«PT»Dya-yt^^qEUXtt5r 
>f X * enff -rs Z. tXtt-€-©<-^*» 

&7^-feXS-r2.Ct!£K*itfrfc. 
F*<4i;<5. -r&t>?>. TLB83H, 5X*^U. F 
7y^)6<afei;-5t?*55. ftoT, gEOD-W^F? 
9 ^3 - K^-^ODir--/3 >§iU ^-i>©X 
7 y bf > ^ S HJ&f <5 it tf><Z»V-? >&X > ^- $ ft 
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S&fctf. — a©3V>H*tDMA3>hn— 7\zm*> 

ya^^n-w^y -e©£®tsnfc 
-r. 

[0115] t>L*©^-s?#5^x 

3Y>F£7Fl'X Ofe?*) TVX^fcfroT-t 

£&*n*. -tbT. ^y^jssrsyn-txaj-is 
ox (cpufcas-e-ffc) ffifflsn*aoa*m^*t 

fcJ&fc^D-M^^E IJ ^©DMAStV X* 3 > F D 

-7*ts&«>s;ii£fifiirr$. mru&£$tt, cpu 
U ifc^^-s^n-^Mty^a^jitr. jfcfc, 

[0 116] l-iXDXVy \Z> if I'D 

v ^tt-tni#<-5?©X 7 y tf>f«§8MUfcV>;0S. 

•7 ytf>if ©&»©&»«> SjfittgflJSnTUfcVxb 
©T»*. 

[0 117] t>L^t>J#flB*t&gnTLB5X*t^$ 
n**t. L*LTLBSXWW>S4-US^-j>x-:7 

;WPy y*t?-©A-$?*tn— ^ y « \z 

5£t&*Tfc*fcTLBX>HJ**fc;*n*. ?t£t> 
m-feXtt. TLBSXjWEHofcfc-3fc:W|.£fc 

^X>hU«A4tlt. TLB»£jtfLT#!f&*. #Cfc 

3ttfj:t*wsni. u*>u t>b^ty#fla^TLB 

(8M/WF©teS7Fl'X«ja*.T) 
V\HlZ$>ZZt&xkT?Zt>}X. TLBX>Fy**£©^ 
-^©&»lc^ff$n, *LT. :/o-feXrt<B«BKi 
«. yn-fextt. tt£RftCTLBftlC<-3;x>Fy 
Sr^V^-r. SeiCl^©W^tt» IDiS&lfy F**0T 

^©^-^tgaawicn-^jM^urtfcfen 
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tt. ifu-tvv* t >J rt> £ n-#;V;>n& U fc^-S>$X 
ctairss. 313 ©««-?«. fci/<*-5W. **y 

#BB©fc»©7 FUxato-a^^y^ P-/t;k* 

*y«fcli<^x?fc&s;i££j*-rfcs«, ->Xt- 

tt5>*a.- (ran queue) £*D. X'J-^a (sle 
epqoeae) tAD. 5r-fX5'S**%Sn. x^X^** 

jff ■e©'v«>«ifn-A;y;<^yteie^3T>FS£7i5 

*6a- ^JM^y^yyt^ifan. TLBttHSr 

[oiis] <79<f<-M : EU) **y*i>3L-fr 
i 4 1 i 5 ttBi;&efc^i;x-^*»«T?^ £3« 

©CPUll. 1 2fttfl 3ttCn6©^^y^Ei?a- 
*fc*tUT^LV>74H:X*fr3*t, ^t'Jt?*- 
;HCtt^9'f ^-F^^y t h^x7«f»©t> 
fc-CSD3T6n&/h3fcxy7*t&*. 02 

©xyy i5 5tt. ^'f^-h^^yxyytbTff 
«tu ±cpu& W^-M^y?-* |»j 3V > 

F£/fX5 9fctflAl/fct$IC©*7--f httei«, 

^jshthu y^-f-*— F^tyxyn 5 5tt, &c 

P U*S>o.-JV©AX-f 5 6 ©W>X* 

1 5 6»C^*nS7r I PXTffl5Srr54K©^->?-C* 
*. £©Hift7Fl'XI£, CPUK«fcoTC©W5?X^ 
1 5 6»cSSatirtfcJ;oTy7 h^X7®fil©'bt 

a? [0 1 1 9] y^'f^-M^yxyTi 5 5tt. 36 
fc3e©cpu©rar»8«an<5. cpu-awi 

»JT 1 5 5 afc«#&trCi)&fC£, CPU-B^W 
15 5 bfcS#iitfCt)0«T^ cpu-c^w«xy 
715 5c fc##&tf C t*tT&&. AX 5 7 © 1 -3© 

S^*y*S?a-^l 4il 5Ktt6**fc®fc, AX 
■i >9— 7x-X 5 6 KioTt? FSn*. -tUT, 
tnu. Xh7 - ^3^6^n-fe-;-y-4 0lci:t3T56^$ 
nfc7FWXfc»«l,T-fey F^n*. 7F^X©l£y 
417 F (^i^-f F3T>F) tt. (/XX7FWXSl^>? 
X* 1 5 6©ft$fcJttW-5) AX-f >^-7i-Xft 

157 ic«tt>T«man. /u 5 7 
ry^-f^-F^y^-f fj 3Y>^8tt4fc!& 

^W^X^9 4» 9 5Xtf9 6T«iaiSn. 7FP-Xt 
3V>F*»^T*-FSK1 0 0lC<toTfi«F CT^t) 
S-abTV>i) i#-F$nfci^ (HIPEBIOO 

fc^ieocpu^ewx-^^/txi o i^ta 
■fctsarau ;:ntt. ^cpu*>e©7Fi^x©2 
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mz. £3|l©CPUtt, JlX6 7\znC7Vl'Z*m 
AX5 8KSfcofcx-*£j*T (£©Sfco& 
T— WAfcfCPlWDXx- r^a-T**) . 
[0 12 0] **V*z?ji-)ltL 7HU-Xtnv>K 

r- U 7 H PX/tXfcS6n&7 H WX7-f 
H OS^fcio T&^T&je 1 IB© C P U*> 5r-^ 

tisrt^ cpuc-hm&xt-mmiosmc!):/ 

5^^— r^-f hSMP 2 2. 2 3fc3fi© 

M»ffr&»*-5) £fr 5. &?-f M&fe©B8fc, fcC 
PUB. -«W5 i -3'£2®t-<5*«, fc£lfl«tttf& 
PSISIC7*-fe7>3*V5. -tnr, £3fl©CPU»CJ; 
oT^£n5V7h'>X7>'-ir>X«. (1) 
->3>1 55 a\ZXh7. (2) D^ 3 >155 
bfcXh7. (3) D$r-5/ 3 >l 55clCXh7Ti& 
5. fcfc* 1 B©C P U*^CDx— 

****** ST**. £CPUtt. £3H©n$-- 
•>3>15 5a, 155b, 1 5 5 c £ISA,T, V7 h 
I7K J: 0 ^©T^^SitiW* J: t K^oTt 5 -* 

tf-h-rsc*:**-^*. i©^-r^©a^«, 

&m\ZXWfflUz>*jr (cause register) 

[0 12 11 T^f^-h^ h©*#XX*Att. 7* 

CPU*^qE'JU-HS*Sf«tSfc:nxX7- (* 
t'Jti?a-*14XBl 5*VXy HXx-f *X(bad s 
tatos) *7-f>3 3-lS&tt3 3-2ICSr±5& 
££) S«wrsJ;5ftJ!&&T*5. j:©j«r. CPU 

£§ttis-c»Tv> **»§*»*& 6fcv>. cpu*tscjrc*r 

^©XT^^X^fflBK^prc^TDftS 

)V b)V~^>WX->?-?<tlTz£$iZ. £3«©CPU 
«. U©U-H©a*-C^ ; EU ; Ei;3.-;W>6S*fcS 
©LfeXx-f *Xfi?«©:/7-r r-7-f Mftfftff 
5. ±3fi©CPU«. te©CPU*JS#a^ 

*>©«is*tflu ^^©^uxTM'^xffatifc 
K-rs. «>L*n&*<-a-t-5fc6tf. **y*5?a.- 
*75-f>-p#-r-;£tva. feURff, lfi 

©C P U*t* * V^Sfe.-JMCtfl/CSto;*?* *X£ 

^Lflswcpu^^jix^^x^-r^sa, cp 

[0 12 2] C7*-;l/M^5>r-®K> 02 2S# 
JBUT. $?£L^&tg0!©->X5SM*, i&CCPU* 
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*>71*>T©X«£BSfc, tt»Ufc«IS^ya.-^ 

H2 2©@»T, szmmijj-oi 6 0 

WU S*»S^---y hi 6 1 icfifcfcfcttStu £©a 

— y m 6 1 8*7* >©5»s. i&s®ie©aiff 
s. xi^s«ic»i,T«a-r5&i&©-9— +y h^p- 
*£gftT<&. £««A^>©»Efc*fUT#srr5 

fcfefc. %Stt©/Xy5rU^y f 1 6 2 1 1 6 3**, JU 
JO ^iELV^X^^w r-* r '!»£5G7L5*«fc5&4 
-l/2»©^>X^Am*^>l5. 2fl©/tyxU 
/ty£©lfi©l 6 2Xttl 6 3ifc*tt*J. v'X^rAS* 

[0 12 3] «*-y-^X^AI4> 2r>©^-©3?JS»» 
Sfi8&^©/t;l^«S 1 6 4 1 1 6 5 *«>L. cn6© 
SKtt. HSAXr 1#©3 6#^MS« 

#ffinx 1 6 6 i 1 6 7 KX*;^-Sft»-T^. C© 
•>XfAH, SMP+Tfc* lfi©A;^ffiiSl 6 4Xtt 
a? 16 5 £J8l->T, RfPUR^i d t*raH8T*S. 

[0124] 4o©w*©e;*j#e/tx)&*j:n6©nx 

1 64 1 1 6 7fc#3-n*. /t;^«jgl 6 4tt, 
/XX16 6-ltl6 7-l€B»U /tJV^«Jil6 
5tt, e*/tXl 66-2il 67-2€B»-TS. n 
yxU^«;^16 3tt. AX 1 6 6-3. 167-3S 
ffiftU AX1 6 6-lil 6 7-2fre>n<?\~- 

3«©CPU11> 12. 13tt. dtl6©4« 
©JrS/tX©S&ofcfi*^t>-a*»6Ba$n-5. 
[0 12 5] CM 5© 3 6 V7tX 1 6 6tl 6 7 
5? $tlfc#&©DC-DC3>/t-^l 6 8*«, CPU* 
^a-^l 1, 12fttfl3. ^'J ; EjJa-*2 6t 

2 7. fttf I/O3>r-D-5 3 0Sfl>«rfcQ*S«l& 
•T5fc*fc^«3tl5. /T»^«K1 6 1 1 6 5tt. * 
fc. 3«©->XfA7r>16 9i, Ay^'JAyiri 

6 2 £ 1 6 30fcJ&on-/f'Jft-^r 

rs. ft^x^A^sicM-rscnsoiw^roDc-D 

C3>;\-^€fi>t5c:tfc:«k0. i«©3>a-^© 

iScWtt->xxA->^y h^-»^u-r. -e©«fc»). 

•>^rAli, i^LfcftWHa*— H© 1 tJTlif^SR 
« tt, »Kb&^aS*->X^ix»fp»pfc5fftT^-5. 
[0 12 6] 21©«S(>'X7 i AS, X^>K/t-ft^7 

©tSffisfiAfc^ »x-r y t>K ttft^ • mm 
s©«»©«^icns^>ttfi8$aK«fc^7«ffifr 

^^•^^X-feyD-l 7 0*»6©y^r-«>x7*«» 
[0 12 7] *58W«. 1f»Jft*ig«S#MLTiKMa 

n&at. c©awtt, (6fis«^ai*T?ft3tifc©-ciife 
is^$nfciiig«©s^^}g*t, x&mo&om 

SO 5. fiEoT. S#Ufc#flFS!*©«Hli. *»W©«ffl 
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[0 128] 

PVm<OZ/y^^-b^)^L<\t^y-[^by^ 
P U«<D y 7 h ;* * y <S«©tt5g«a<offi<o C P 

ufc±«#iKiot, ftcpu^ffiocputas 

[01] *»«©-*««CJt*3>ea^^fA 

[02] SKocpuoaguaRo^Dy^s. 

[03] m2<DCPU\Z&mZft2>^2ti7a*;yV 
[04] 02 t03OCPUIC^T*U-5-f^>h^ 
[05] 02£03<DCPUIC*V>T£i;£-f^>h£ 
[06] ®l<DZJ>\Z*-*$'Xr&IZ$>VtZim<?>* 

* y ^£i;3.-;Koma@K<o^D y t; 0. 

[07] 01tD>X7\MC*tt5;*^y/tXfc#LTC 

[081 0 1 ®3 >fcTrL-^X5\kT© lffltf) I /O 
^nir yW®3SB8&<D7u y#&. 
[09] HIO^X^ATCD^^U^E^-^I/O 

[010] 01^603*TCDCPUJC*tt^^C9^ 

[011] 01^603*T<OCPUIC*W^^CDH 
ffOfc*<D>f^>h€:^r01 0£K«&9J<O*< S> 
^0. 

[012] ■ l»&H3SrV0CPUfc&tt«**9& 
ffOfc«6<D-f^>hS^-r01 0tK«ia»JO^>f ^> 
f0, 

[013] 02OCPUk:*V>TfflV^nSg«O2 i *H 
[014] 01^S03S-C<DCPUTO^&O||fT(O 

[015] 01^S03*TOCPUTO^C[)^fTO 
fc#O^>h£^rr01 O£fc01 l£[^$ft9J<D* 
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[016] 01^503*T«>CPU"CO!)^<D||ffO 

&»<d^^> h**^0 1 o *fc0 1 1 tmw&mof 

[017] 01^&03STOCPUT(Z>^&<D^ff<O 
&»<ZW^>h$3*T01 O£&01 l£B«fc»JO>* 
-f$>^0. 

[018] 01, 02, 0 3 XtfE 6 (O^Xt-AIC^ 
[019] 01, 02, 03Xtf06O>'XxA»C*^ 
[02 0] 02Sfc«03fcJ:<5CPUK:*W-SV-f^ 
bVoyt—vy b<DSL 

[02 1] 01, H2, 03Xtm6<Dv'X^AIC*^ 

y tt*6 cpu fcjrarr* y y<i m% y am 

©ffiHcDSMBB. 

[02 2] *56WO-^ja«!Ccfc5>/X^ATffifflSn 

11, 12, 13 yotyf (CPU) 
14, 1 5 t^V^a-fl, 

16 y 

17 !?Uy>r&&S 
2 1, 2 2, 2 3 AX 
2 4, 2 5 AHtt/XX 

2 6, 2 7 AWA^D-feyl** 
2 8 AX 

2 9 /tx-f >^-^x-x^^^-;p 

3 0 I/03>hD-7 
3 1 9S^T*9-f> 

3 2 ^X5\kX5^X/tX 

3 3 ft5&fc£/X^-*X/tX 

4 0 ^^U^U±y^y^ 
4 2, 4 2, 4 3 D-^P/tX 
4 4, 4 5 ttyya^U 

4 6 ffSi/Wgban^Dlr^l?- 

5 0 5-fh/X^7r 
5 1 V*-Myyy 

5 2 9-fb/tyy T /UnX 
5 3 7^^/tX 
5 4 TK^X/tX 

55 aunx 

5 6 W>^-7x-X 

5 7 ^STHUX/^^/tX 

5 8 3T>H7-f> 

6 0 *^yn>hn-5 
6 1 d-*;h^x* 

6 2 wiMbHEy 
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6 5 

7 1 
7 2 
7 3 
74 

7 6 
77 
78 

8 1 
8 2 
8 3 
LB) 
84 

8 7 

9 1, 9 2, 
94, 95, 
100 

10 1 
102 
103 
104 
105 
106 
107 
108 
109 
110 
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*v>9 

DMA0JS 
ALU 

Yy>XV- :: SB»Vy9TV'iYrty7y (T 



9 3 7Jj/mi]ifi-h 
9 6 1/>>X* 

7Fi"X/tx 

DRAM 
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114 iJ-Ft/itt* 

117 n>hn-^ 

118 'J7Pv^*^ 

119 ido&*#-h@& 

1 2 1, 1 2 2 

123 3CSn^S7Kl'X/5^MX 

124 BCfrlfoi^F/tX 
126 Xf^hYy> 

12 7, 1 28 

10 130 wax5^-*x-«»w>x* 

13 1 /tX^>*-:7x-X 
132 

133 wtr-x-^eai^x* 

135 fflr)£*#ffiS8 

136 SD&*#-* 

138 omw** 

14 1 P-*;M^EUXU7 
14 2 £fD-/tjM%yxU7 
143 SXU7 

^ 144 8r-^XU7 

14 5 a-*F7u!f J 7 

14 6 a-DF*— 5>XU7 

147 r>fX^7rXU7 

14 9 I /OXf-y>^XU 7 

155 a, 155 b, 155c ^D— /t/M^EU ftfc 

nfc& c p u&o^y-f i—ht&j&m 
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